Studies of the trunk mechanics during physical activity. by Kumar, Shrawan.
t u b  i t ; o f  m m  t m i m  m i c i i a m c b  d u r i n g -  p h y s i c m *  a c t i v i t y
Thesis 'preBontotl to the U niversity  of Surrcy
fo r the -degree of Doctor of Philosophy . 
by
Shrovcm I to s r  M.Sc*
1971 : '
R  °\ 0 i G l 3
ProQuest Number: 10800282
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10800282
Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
m  im m ss
Iron tu extensive revier of tlio lite r a tim3 concerned r i ih  opiaal 
c-;*i iraah mehaaiena in  mu. i t  beeane app&rcat that Ln<Kfledgo of the 
port picked '-..by the etiolate!' and jnisenlnr ewspdamtts miring $$$r&icol- . 
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: Im fmr region#'. ■
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ap p lica tio a  of -this-' finding  to  opinal 'Mosiechoaics i s  discussed*- '■
■' M ilS H IS S S S S i - w ■
I t  io  w  pleasimi duty, to acteowledgo ry (JS1 ii-itl In!'O to Professor 
Barts* -teed'of the Biological Sciences Department, who sttggosiodt : 
cad.supervised t te  project* I would a lso .like to thank Mo for Mo 
oacGurc@3Dont and'support throughout 'the course., and for the (pmzmm '
f a c i l i t ie s  which west? extended. .to mo. Iff grateful Uaako .are also ,
o&pressed to Professor .Smith who helped mo‘to  obtain a licence 
for cmtsal oo|K!ritK?atM)ion ■ oiid Idadly- agroetl to  be responsible for tbo 
legal Implications -in th is  ■ regard* :
1 ce  m ebvohliged to  Professor P.M.! • o/3en of .the Eoyal Froo 
H ospital 'School 'of t-tedieine.for--access i a  some h is to lo g ic a l m te r i e l  ■.
and also ' for permission to' use t e r  - laboratory ' fa c ili t ie s -  fo r  the 
preparation  of some of the sec tions and.'pteiomicrogmphs* "I ca e ls e  ' > .
Indebted to  Dr* U.F.6. Trmpf D irector of ’.the Spinal Eesearcb Bait* •;. 
National Srttepaeilic hosp ita l * fo r  M s in te r e s t  in  ny work* -. -r
thanks 'ore due to  llr*. frevor Earvey* fo r  arranging 'oosy Inzxzi . .
. subjects*, md to  a l l  vo lunteers -for their t i m .end co-operation. 1 
must a lso .tbaak  Ihv B*8* hm  vho collaborated w ith p a rt of -the v 01C: of
S e c tio n .I I I .  X also' ikauk Mr*- P .J .  Southgate* toe laboratory  Suporiu teefout, 
and fir. B./W- H atch ,■ the Chief =• fecteicite-'-Cf Fus&a Biology* in  the  Innortaoat 
o M ologteal Sciences*' -for ib o i r • e f f ic ie n t  techn ical asss. sunnco *
I record 'ey tlmnte to Mr* H.8. Wolff end Mr. K. Calls f r ad cad 
IV:#-of the itep&r taunt of'Backedleal Bioxneeriug* iledieal. tiosoarch 'Cornell* 
fo r tlioir advice "'''about the loop aerial mid- for chocking ’-the ae ria l s r i  .‘cMuf; 
un it respectively. ■ i  also thc&k 3&>.-A#J. Boyce who helped uo in i t ia l ly  
r i t t  s ta tis t ic a l analysis. - Mr..Cornellas* librarian- of the *: y a l 
College ■ of Surgeons*, kindly allowed ■ reference use’ o f ; the library  sad Oho 
Bromley Reference Mhrmy procured some books-aac! journals for no#.
I nieh to ospreys ey thaaiis to M issiu Mrs* M. Bteiloy 
and Mrs. U. T&ylor for typing th is  thesis*
Finally a:y'thanks are-due to egr wife R ita$ imo unfailiagly -, 
inspired me aml maintained her cheerfulness despite a homy domestic 
mrucx* vrnl Imlped 120 in cheeking, etme of if® tables* •';
Thie work was carried 'oat mider a Jhivemity, of Giuvoy &?mt$ ■ 
for which the author is'much obliged*
FRONTISPIECE
'Whoa we .look a t .the. naked back of a man s i t t in g  or standing- 
in  fro n t of us* we are. rea lly  .looking• at one of the most, wonderful 
aerobatic  fea ts  to  be. seen i n ’the animal kingdom* . In such an a ttitu d e , 
irweixty-four segments* or vertebrae are being d e lic a te ly  and s te ad ily  
..balanced,'-one upon--the other,.: by means, of the .elaborate system  of 
levers* end. muscles with 'which - each vertebra i s  fam ished• the 
intervertebral disks on wbicb eacli :v e rte b ra 'is  poised are a t  once 
one of '-nature* e o ldest and most ingenious contrivances. I t  i s  a 
waier-eusbion surrounded by a strong , bat loose ligamentous covering. ; 
Only when the. spine _ i s  bent or rotated ' do .these ligaments, which enclose, 
the iateryortebral cushion,' become stretched, ..the - fibers on the convex 
side of the curve ..become taut, and - strained, 'while those on the.' concave • 
side of the .curve .are flexed, .and bent, outward. the lowest vertebra 
of: th is  f le x ib le , weight-supporting, spinal rod i s  based on the sacra l 
or p e lv ic  cushion; on the highest .is  poised the head#
The leverage’ and motor system .of an individual, vertebral. segment, 
i s  b es t seen in  a.vertebra taken from the dorsal region* The p o s te r io r  
or spinous lever.bifurcates .at' i t s  root so as to enclose and p ro tec t ...' 
th e  .spinal chord; an e laborate  system of muscles i s  attached to  the 
spinous lev e r , whereby the v erteb ra l body may be maintained in  i t s  c o rre c t 
\ aatero-posterior plane* . On each side of the verteb ra  i s  placed a l a t e r a l  
■ lev e r. Tendered enormously powerful by being prolonged as a 'rib* These 
la te r a l  le v e rs  are a lso  furnished with, elaborate se ts  of balancing 
muscles* Jn the liv in g  ‘upright sp ine , every one of these muscles -  about 
' eigtrt to 'each  :v e rteb ra l segpent, making about two hundred in  a l l  -  i s  
. c a lled  in to  a c t i o n n o t  by m y conscious/effort .of the  w il l ,  -hut hy that 
're flex  mechanism which autom atically  governs a l l ' t h e  s ta t ic  actions of the 
' hvmm body*.- '
S ir  Arthur Eeltli,., 1919* * 179
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flic tte&Uattica of "the truck i s  posture dependant* One m y, •. 
therefore* assume that ■ the mechanical 'forces affecting thevhimn trunk ' 
today have been-operative'since .the acquisition of fu ll  upright' 
posture? although up to N eolithic times the -frequency with vhich •
•the' human trank was subjected to  mechanical s tre s s  of a contemporary.;.. ■ 
'-industrial' nature %ms' probably fox' lo ss (Davis, 19->b)* • . -
•The.study of .the. spine ami i t s  d isorders i s  traceab le  as f a r  " 
back m  Hippocrates'(&68-370 BO) \ilm wrote about the. s tru c tu re  sad 
functions of the o p in e / V ertebral 'd lsordora and associated  • 
therapeutic  'measures, a lso  a ttra c te d  Mo a t te n t io n . . In h is  a r t i c le  
I p c r i  ^artUroa1- be w rites  ilto i • the .vertebrae have m eous and ligamentous 
■ jo in ts , a n te r io r ly  and hinge**!ike; ' jo in ts  posterio rly*  The .forward .
- dislocation of the upper vertebra on the' loner one can on ly .b e 'possib le  ■ 
a f te r  the frac tu re  of apoplivues and disengagement o f -the h inge-like jo in t  
Centuries • la ter  Galen '. fib) painstakingly performed many
. d issections o f pigs and apes and described th e ir  ve rteb ra l columns giving  
abort accounts o f 'various'regions, and .stated th a t .the c o lts s  possessed 
2k verteb rae . Since id s  descrip tion  i s  not based on taaas  tu to r ia l  o ■ 
degree of scep ticism ' cannot be ruled out* Professor Major" (i9 5 & )/'; 
however, believes that Gaien^Svosteology.vas .based on' human skeletons, 
vhich he i s  knovm to have' studied an numerous occasions*
After a prolonged bleeea of Galenichl vorkr for ve il over o thousand 
years i t s  glory ’ etafted t o ' decline principally due to the wore accurate 
and representative drawings by Leonardo do Vinci...(1452-1919 AD)* lie drew
the. human ax ia l skeleton from three aspects v i ih  very few inaccuracies*
" in  M s a r t i a t i e a l ly  a t t r a c t iv e  p ic tu re s , the thoracic  kyphoo and -the . 
lumbar lo rdosis  i s  p e rfec tly ' depicted and the number of • spondylos* 
(vertebrae) in -th e  ’spina* (verteb ra l column) a rc .c o rre c tly  shovna*. On' 
th e .'s tru c tu re  of the spine;..he' u ra te  hi hin notebook • H h is  convergence of : 
m o d e s  in  the opine;keeps i t  up righ t, ju s t  as the .ropes o f the''.ship' 
support i t s  mmt, and the cans ropes hound to  the mast a lso  support in  
p a rt .th e  edges of the .chips to  which they are jo ined1*#-
Leonardo xmn n o t only an a r t i s t  and anatomist but was .also  .a 'keen 
,-.engineer, and held mechanics qo• an applied branch.of mathematics.la ' the'.
' h ighest esteem ,' s ta t in g  th a t ”110 who Mimes the supreme c e rta in ty  of 
'mathematics feeds on .eohfiioion” ..  II© heralded the philoetipfty of the - 
technological age when.he said ' ’‘Mechanics i s  the paradise of 'mathematical 
.• science because/here we- come' to the f r u i t s  of mathematics” # Leonardo 
always sought to  explain  b io lo g ic a l ' phenomena in  mechanical and .. 
mathematical terms-and he believed motion to  bbetho cause of a l l  l ife *  '
• On body movement - he has--written in  h is  notebooks ’’Whoa you wish to 
represen t ..a. man in' the 'n e t of; moving-Some' weight, r e f le c t  th a t  these.
■ movements •would be made , in  d iffe re n t d irec tions,"  th a t i s  in  the case of 
simple movement from • below.upwards ao th a t which a m n  makes vixen he stoops 
t o ' l i f t  a weight w ith the in ten tio n  of ra is in g  i t  as he s tra ig h ten s  h im self, 
'or when he wishes to ’ p u ll something hacla/ord or. push' i t  - forward o r draw i t  
down• with a cord th a t passes over a pulley* Here one should remember- 
: /that-a  ra il’s weight d rag s .in  proportion nu tho centre e f  h is  g rav ity  i s  '
"' d is ta n t from - th a t of M s . support, ..and to  th is  m e t  lie added the force- 
;• --exerted by h is  le g s ’and bent spine as he s tra ig h ten s - him self” •' He fu r th e r  
w rites* ”A fter the 'demonstration of a l l  the p a rts  of the limbs of men and of 
Otiic ^iifiaalc, you w ill  re p re se n t 'the proper iaeihod-of ac tio n  o f these limbs
various a tt i tu d e s , in  l i f t i n g  and c a rd in g  w eigh ts ...**” * On the 
p ra c tic a l aide lie developed imiscle dynamometers to  study sk e le ta l 
forces and 'he also, rea lised  th a t  rm scles worked in  opposing p a irs .
(:3eireg, 19^9)* Ho wrote, ”ln  f a c t ,  there m y he found an many 
ttoecleB mi there are movements in  th e .l ip s  end os many more to  
counteract those u}ovor4ents? and these 1 intend to describe anti figure
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in  f u l l ,  proving tlie K&vcognts by m them etiesI p rec ip ice” •
Vesnlins (t$k5) published h is  celebrated ’Do Husani Corporis 
Fabrics*' in  seven voltssea* I t  has an illu stra ted  and accurate account 
of litcaaa ana tossy i s  considerable d e ta il. He has described the backbone 
diBtinguiaMag various regions ~ neck,, thorax, lo in , sacrum end the coccyx 
or cacuius region -  with the mnobor of vertebrae in  ouch of them* He 
further noted -that the vertebrae Increase In eisse from neck to lo in .
Cheseldea (1713 1 1722) in  h is  book ’ib io te y  of Humane Body* says 
th a t i f  the vertebral chain had been composed of fewer bones, they imiat 
have e ith e r  not been capable of bending so rauch m  they do, or have boat 
a t  less  obtuse angles, which would have eonprcssed the sp inal narrow*
I|o fu rth e r  poin ts out th a t the jo in ts  i’ora an -ingenious • device im parting 
a m u ltid irec tio nal Koenriiy against d is lo ca tio n  of one vertebra on the 
other* Ohoaeldon esspkaaieeti' th a t the a r t ic u la r  processes prevent - forward 
s lipp ing ; the r ib  a r tic u la tio n s  and th e ir  ligaments prevent backward and 
sideways s lipp ing  in  the thorax* lie considered him l a s t  two o r three 
thoracic  'vertebrae neat vulnerable fo r d is lo ca tio n  as th e ir  r ib s  are  not 
attached to the transverse processes* He thought th a t due to  lock of 
r ib s  fiie lumbar a r t ic u la r  processes are  received in  deep c a v itie s  and the 
vertebrae themselves are  tie d  w ith much stronger ligaments fo r  th e ir  
secu rity . The mobility of the vertebrae i s  described as having two
cen tres , oss ofsoa the bodies of vertebra and the o ther a t  the a r tic u la tio n s  
of .the 'ob lique  processes, providing the relevant' masclm with favourable
leverage fo r the miotex&iice of uprigh t posture and free  laovojaoat of the 
trunk in  space*
l>jmslow (1732) regarded vertebroe as sho rt lengths of cylinders 
increasing continually  in  sine i r e s  the upper ilseracie to  the lower lus&ar 
region -aainiy due to  increase in  the transverse diameter* fie noted th a t 
in te rv e rieb ra l d iscs a re  th ick es t in  the  lumbar region, th iim cr in  the 
cerv ical and iMsmeei ia  the thoracic  region* He suggested that during • 
the course of the day the length  of the v e rteb ra l col mm decreases 
progressively because the in te rv e rieb ra l d iscs ore th ick er in  the warning 
than in  the evening#* Has descrip tion  of the m obility  of the thoracic  
and lumbar regions i s  re s tr ic te d  t o • flex ion  and extension alone* la  h is  
.opinion flex ion  from the standing position  is  caused by re laxa tion  of the 
e rec to r spinae ead froo the supine p osition  due to contraction  of rec tus 
afedouisis*.
Cheselden (i?33) published h is  ’ClBtoographia* in  which he considers 
th a t the thoracic  kyplios i s  fom ed to laalse room. fo r thoracic  viscera* Ho 
a lso  noted th a t the th ird  asd fourth  thoracic  vertebrae are s l ig h tly  bent 
to  the r ig h t  to  provide % b u tte r  situation , fo r  the h ea rt” • He fu rth e r  
mentioned th a t  the "middle vertebrae o f the lo in s  are  b est forward under 
the cen tre  of g rav ity ”*
Barthes (i79§) suggested th a t as the centre  of the movement of - flex ion  
and extension occurs in  the sag itta l, plane,, i t  coincides with the ac tions 
of the sa in  weight transm it tin g  m oliaalsss of the trunk* He added th a t 
the column of vertebrae above any given ta ib s r  vertebra fracas the long orst 
of a le  v e r , ' whose fuierusa i s  formed by the hotly o f th a t v e rteb ra , and th a t 
flexion. o f the long-lever emu a t  a given leve l ie  re s is te d  by the m acu la r
and U pull, on the spiiicms process of the given vertebra,# th is
spinous process forming the sho rt orra of the lever system.
Bell# J .  end B e ll, C. (1826) a ttr ib u te d  the e ffic ien cy  and fe e  
rap id ity  w ith which fee spine Roves to the e la s t ic i ty  of fee ie ie rv e rie h ra l 
d iscs ' which were suggested to  be of tho same • height os the vcriobroa. bodies 
in  -fee lumbar region# They a lee  confirmed the hypothesis of. Winslow 
(&T52) ■ th a t  the in teriorfcebral d iscs are ' ; th icker on r is in g  in  ’the morning 
ansi th inner in  tho evening duo to  the continuous pressure - under which they 
gradually  y ie ld  throughout the day*;. They were the f i r s t  to  're a lise  th a t 
I t  i s  the v erteb ra l coltmsi ’ which c a rr ie s  fee w ig h t  of any burden imposed 
m  fee upper p a rt of the body as w ell as the body weight. They pointed 
out th a t any contraction, of the bach muscles to  move the spine w ill  a lso  
Increase the pressure in  fee ' in te rv e rto b ra l discs* Concerning fee m obility  
of .fee thoracic  spine they were in  agreement with Ifinslew in  suggesting 
th a t only a l i t t l e  flex ion  nM extension occurred between m y  ind iv idual 
p a ir  of verteb rae . They•found th a t the lumbar jo in ts  are capable of a 
r&seh- g rea te r range of - s a g i t ta l  m obility than others# and described fees? 
m  being capable of some ro ta tio n  bu t having little lateral flexion. They 
were Immensely impressed by the functional and a rc liito e tu ra l excellence 
of fee  spine fo r  they wrote5 ^Hardly any th ing  can be more b eau tifu l o r 
mrpriuing than th is  mechanism of fee opine#- xdiore nature lias estab lished  
the no.~i opposite end inconsis ten t functions in  one so t o f bones; fo r  
those bones arc so free  in  motion# as to  turn  continually  y e t so strong 
as to  support the whole weight of the body; and so f le x ib le  as to  tu rn  
fp ich ly  in  a l l  d irections# y e t so steady within*, as to  contain - and defend 
the most m aterial end fee most d e lica te  p e rt of the nervous syston%
Tim f i r s t  experiment to  measure spinal n o b ili ty  was perfum ed by a 
Garmon s c ie n t is t  Weber (1825# 182?). In f iv e  volunteers he measured • 
fee movements of the head re la tiv e  to tho trunk# and fee trunk re la tiv e  to
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ilio pel vis-* Ifcasuresents of il m changes in eoaver&eaee and divergence
were laade of mitkov pino in serted  in  tho spinous and transverse  processes 
in  p a ira  of verteb rae . Ife a lso  measured ro ta tio n  of ike head and im.dk 
and the re s t of the  spine when holding tho- body erect. In those 
ovperii*idiis he noticed tSiat while the curves of the spine ore mobile 
the joint© of the tra n s itio n a l vertebrae ore almost fixed .
Tho in te rn a l s tru c tu re  of various bones including the vertebrae 
was oiudied %  ivyma (185?). ' He found 'fe •'!' fee trabeculae ia  fee 
verteb ra l bodies to  be arranged loagifecllaally  wife oalv a few arousing,', 
tran sverse ly . L ongitudinal.trabeculae form p i l l a r s  to re s is t long itud inal 
compression and tlie transverse s e t  as ‘braces* to  p ro tec t them frco  bending 
under a load . Wogstaffe (1874) confim ed fee finding of Uymn that tlie 
ve rteb ra l bodies contained v e rtic a l trabeculae which be considered to  be 
arranged to  endure longitud inal eotapreasion.
iMgiliry (1858) node a d e ta iled  study of the verteb ra l column ra is in g  
m ay ir.i|)orfcant po in ts fo r  tlie f i r s t  time; tlie v e rteb ra l periodicity i s  
comparatively spongy* the nice o f tlso v e rteb ra l bodies progressively
fragi belmr upwards. Although Urn transvereo diam eter of seme 
of the ilie rae ic  vertebrae a re  sm aller tlian their adjacent ones y e t this 
i s  compensated by an increase in  a n te ro p o s te r io r  diasssher*
i%rtlicrf the fibro-^eartilogenoits eon tent of an intervertebral disc 
decreases towards its centre which ia filled with interstitial 'fluid — 
tho nucleus pulposms* In fee lumbar region these ore yell developed 
and be suggosto that they f o m  fluid balls round which the vertebrae 
revolve while isoviug upon one onofeer.
Since fee primary end secondary curves of fee column l i e  i a  lin e  
with a plumb l in e  dropped from fee o c c ip ita l condyles in a s a g i t ta l ly  
divided osioo^litpmeniotis p reparation  of the entire 'vertebral eoiumn 
Itaphry  concluded feat the chords of the vertebral curves' lie in  the
5?liu© s i  g rav ity ” • Tsm nucle i pulpoai of th e . lumbar ia io rv e rie b m l d iscs 
l i e  nearer to  fee hack of the vertebra© and Iicmse nearer to  the l in e  of 
g ra v ity . Though fee dines lim it the range of movement y e t they provide 
-b cap ab ility  of m ultid irectional' m obility  which in  tu rn  io  lim ited  by fee 
shape and p osition  ©f tlie ariic islo tiisg  procefsoec. In id s  experiment© v itli  
fresh  oateo^ligascsatoua pr^m m tiom  ho found that extension ims g re a te s t 
in  the lumbar region and decreased above i t  to  tlie e id  thoracic  le v e l | 
above which i t  again quickly increased reaching a high value in  tho 
cerv ica l reg ion . He reported la te r a l  flex ion  to  be maxtoisa in  tlie nods 
end lumbar region and miaisasa in  tho thorax* lie obtained mastoisa 
ro ta tio n  in  the thorax but none a t  a l l  in  tho lumbar region .
Considering the' m ultip le  curvature o f tlie spine Humphry says tlia t i t  
gives an added streng th  to fee colum  because the weight required to  bend 
a sing le  column in  one curve varies as fee reciprocal of fee - length of 
th a t eolumt. I t  therefore follows fe a t three curves increase by about ■ 
trim} times tho weight required to bend o single' curve of fee easo length 
as the verteb ra l caiman.
Ikimor (iB/6) added a further dimension on Urn study of physical 
properties of vertebral m to r io l .  Ho calculated ce®presoioii endurance 
end reported that fee vertebra© con-stand si pressure up to H 90 lbs per 
square inch of their area (quoted by Evans# 193?).
Crnmaro,tire  taeasnresients of vertebrae wore ignored u n til Aeky (1.879) 
published Isis findings of 28 European eeitmms ranging iv m  juven ile  to  
adult stages*, lie measured fee transverse and m id-sag itta l diameters of 
each - vertebra in  add ition  to  fee a n te rio r  height of each .verteb ra l a c c e n t  
(vertebra plus d isc  beneath i t ) ••. Jsudersoa (1883) extended th is  by 
rico&uring the a n te rio r  end posterior central heights of the bodies, 
together w ife th e ir  sag itta l and transverse diam eters io 33 adult coIimm. 
He found • fe a t  fee transverse diameter decreases from the lo s t  cerv ica l
vertebra to the f if th  thoracic vertebra# eml thereon increases 
o_ n a iv e ly  to .the' f i f t h  lumbar level* The ra g i t to l  diameter# 
bmmmrf increases contimmmty to  the n in th  thoracic  level, where i t
stays approximately' the' eatae u n til the f i r s t  luobar vertebral level 
I s  readied# belm? which' i t  irregularly*
miKK m cm u o s
Adoptions‘o f uprigh t MpQdaliem* though .disadvantageous. i a  some ways* 
by cta&aeijmiiisg;tlie lor© limbs fr m  loeoaoior a c t iv i t ie s  lias peBaitied tlie 
evolution ■&$ highly dextrous Jmm£& oml arms capable of v e rs a ti le  aaiiiim lative 
s k i l l s ,  . l a  ©Captation, to  th is  s itu a tio n  the o rig in a l quadrupeda 1 irassk'.' ■ 
m cM nim  i s  'en tire ly  a lte re d , Tlie body, u ltim ate ly  supported da two 
f e e t r . r e s ts  oa a ra ised  end firm  p la tfo m  -  fee  pelv ic  g ird le , which 
provides da oackoroge fo r  tlie ©pine.~ fee prim  mobile, skeleton .of fee . 
tnd&$ f e u s , . i a  a l l  bipedal a c t ! v it i c s ..fee . e x is t skeleton  i s  required to. 
transm it a l l  forces acting, from fee trunk to- fee pelvis, w ithout forelirab 
support*. ' The vertebrae of- tlie thoracic, region a r t ic u la te  w ith the. riba  
to  .form - fee tho rac ic  cage* end fee sacra l verteb rae  have fused to  fox© the 
m erm  and .joined w ife the i l i a  to' fe rn  the pelvis? in  the I m h a r .region' 
tlie vertebra© are  the solo ske le ta l, u n tie  availab le  for. fo rc e ' transm ission,', 
fhs Itrfear ve rteb ra l segment i s  highly mobile {Scbultss* 193&* Urilmmt9 ifM*5 
' Quoted by. Kapler and llapier 19b?)• For these 'reasons i t  is . subjected to 
large  coKiprossive skoorlag and ro ta tio n a l s tre sse s  in  g roat variety*  ■
flic trunk i s  equipped w ife a,.masker of. su p e rfic ia l ' and deep bock, n-orwl 
aM&sinuI muscles fo r  postural balance and dynamic manoeuvring* The 
m scu lu tu re  of fee -back m y  bo divided in to  several groups (ffclliugshead 
1953)5 ( i )  The sp iao^iransvorsa lis 5 (2) The sacrospinal i s  o r e re c to r  sp iaaof 
{2} mm transversosp ina l!©  including fee semispii20l i s t m l t i f id u s  end 
ro ta to rs?  (4) segmental muscles? (fl) mfmeeipitai sjoseies?, {<>) an tero  
la te r a l  muscles in  fee cerv ical end 'lumbar- regions*
Vibes© .muscles tend to  s e t  in  groups* Their b i le to ra l  .contraction 
causes extension or - con tro ls flex io n . IM  la te r a l  con traction  produces 
la te r a l  beading or ro ta tio n  in  a d irec tio n  which depends on fee coairac 'tiag  
group. Those taaeele groups in  eooptrciiion with the superficial feack musculature 
■and aMcminal m sc ie s  enable Urn spin© to  achieve a va rie ty  of movements.
Tix® '.'vertdtaie, in  add ition  to  ike m oelee , ore a lso  supported by 
various ligaments and ike d is c s . flic? badies are  bound f in a ly  together 
by-ik© oimulus. fib rosns of the iaieirvet’ie b r a l ' d iscs and the a n te r io r  
and long itud inal iigaseiiis* fisc verteb ra l arches are  a lso  .
joined; by a  se r ie s  of ligaissstss the oynovial. jo in ts  fenced by the 
a r t ic u la t io n  o f  tlie* superio r anil £ h e \in fe rio r a r t ic u la r  processes are  
covered by a la;* capsule; the transverse  processes are  connected hy' 
iiite rtra iisre rse lig sim aa is  and the iaialaae are  joined in te rn a lly  by the' 
ligenetiia  f lo ra ;  the spiiiotis processes. ora connected by two se ts  of 
ligasica&tsi: the in te r  spiamisy extending. from tlie in fe r io r  margin of tlie 
upper process to  tlie superior iaargia of ike lover process, and the ■ 
&up?u~3pi&on&«' w t  llsg over the t ip s  of a l l  tlie spinous processes*.
Xu addition  there  a re  o ther ligaments o ffe ring  varying degrees of cohesive 
s treng th  ana s ta b ili ty *  fo r p&a&plo' the p o ste rio r costo irons verse* the 
s a to r io r  oostotraasveroe and the .rad ia te  ligam ents.
C learly  ike mechanics o f the trunk in inseparably interwoven w ith 
i t s  and following the re a lis a t io n  -that s tru c tu re  in  general
im plies function , research  workers have tr ie d  to explain most m rptsolegieal 
findings in  functional terms*
Fic&.' { i f  11) reported th a t tlie ■ stirfaees o f Ike v e rteb ra l bodies are  
perforated  by fin e  foraminae —a finding la t e r  confirmed by Scissor! (19£9) 
esid ..Beadle* In  tlie perforated  v e rteb ra l surface two .nones arc
cjuite evident* the peripheral -  with large  holes* oad o c en tra l ~ w ith 
n m ll openings in  the area re la te d  to the nucleus pulposua (Calve and . 
Gallantl* 1930)-. fiiey fu rth er ' suggest -tlmi the v e rteb ra l bom mvrmi 
approaches the lev e l o f . those .holes through which, the nu trition , d if fu se s .
Vbvrcrjih (lf29 ) an i IMmig (1930) suggested th a t  .tho fin e  foramina© 
discovered mi the verteb ra l surfaces 1>y fiisk  (1911) provide access fo r  
tiim  v esse ls froia.the in te rtru b ecu la r spaces w ith in  tlie ve rteb ra l bodies'
to the overlying cartilage plate of the in ior-vcriekivj 1 d isc .
The periphery of the superior out! the in fe r io r  surfaces of the 
vertebral bodies are circumscribed by a raised  rin g  of compact bone for  
the anchorage of the f ib re s  of tho sore superficial layers of the 
cumulus fibrosus (Scbmorl 1929» Biclc and Copci 1959)* Tho perforated  
verteb ra l surface i s  covered by a cartilag inous p la te  which butts on to 
the bony ring  (Calve end tkilland, 1930). The bony ring  i s  formed f mm 
zm annular epiphysis which develops in the end plate cartilage ••
C allois and.Japiot (1925) described the in te rn a l structure of the 
vertebrae, pointing out th a t in addition to the main vertica l p illa r s  
running from the upper to  the lower surfaces of tlie v e rteb ra l bodies, 
there ore oblique trabeculae passing to the in fe r io r  ami superior 
a r t ic u la r  processes.
Cyriax, s (1919) measurements of the transverse and s a g i t ta l  
diameters and of the anterior and po ste rio r midline heights of the 
verteb ral bodies of the human spine c losely  match those of Anderson (1883), 
and were fu rth e r confirmed by Todd and IVXe (1928). The thoracic kyphos 
and the lumbar lordosis were a ttr ib u te d  to  the differences in  the heights 
of the anterior and posterior sides of the bodies of various vertebrae by 
Cunningham (1888), Harbin (1928) and Yalloio and kassortlieo (t§H2) in th e ir  
stud ies of ra c ia l v a r ia b il i ty .
Ttio s ligh t but natural scolioses, of the thoracic and the lumbar 
region'were explained by F&rkao (m i)  as being due to the sh if t  of the 
majdmus antero-posterior diameters to one side or the other from the mid 
sa g itta l lin e . P.e found that in the upper thoracic.. region i t  was displaced 
to the lo f t ,  in tlio lower thoracic region i t  was displaced to the right, 
and in  tho lumbar region to the l e f t  again. Farlms further notbd tlioi 
the mean thicknesses of tho pedicles o f the thoracic vertebrae were about 
8 rm whereas those of • the lumbar region were about 10 jam, This thickness
varied in the same vertebrae from one side to the other? the difference  
could be as ouch as one m illimetre.
Davis (1955) drew attention to on important ana toed co-raechtmical 
fea tu re  of ihoraco-lumbar tra n s it io n a l region vherc he found tliat the 
gygapophyscal jo in t  receives processes from the lover p a rtic ip a tin g  
vertebra to  fount o mortice lik e  structure a f te r  which i t  has bees named ~ 
thoraco-lumbar m ortice jo in t*  A compressive force tends to cause 
flex ion  in  th is  region with locked mortice which prevents the tendons 
being forced down b a t allows the compression of intcrvertebral disc*
There has been a general agreement among various authors that the 
vertebral column i s  the principal structure which susta ins the w ig h t  of 
the trunk as well as of any o ther btt^ Seii carried  by a person* The 
pressure generated within the nucleus pulposus of the intervertebra1 
d isc  due to any longitudinal compressive s tre s s  i s  transm itted to the 
v e rtic a l trabeculae of the vertebra below via the cartilaginous end p la te  
of the verteb ra l body* This in turn gets transmitted to  the nest 
segment and so on# Mechanically i t  i s  evident that fo r a constant 
externally applied eosspressive force the magnitude of the stress per 
unit area of bone a t  any level w ill be detoiasined by the cross sec tional 
area of the vertebral body at that lev e l, and that the maximum perm issible 
verteb ra l loading- w ill be represented by th a t area (Davis. 1957)* Be a lso  
suggested that the sice  of the "vertebral pedicles could be used as an 
ind ication  of the maximum forces transm issib le  between the neural arches 
and the vertebral bodies.
The areas of the upper surfaces of the thoracic  and lumbar vertebral 
bodies- in  fourteen adu lt ve rteb ra l column revealed e c lea r pattern* In 
the upper half of the thoracic region th is  area increases gradually  from 
the cephalic to the caudal end; below th is  the increase i s  rather rapid  
clown to the lev e l of the m ortice jo in t ;  below th is there* i s  a rslov
progression down to  the fourth  lumbar verteb ra . The fifth . lumbar 
vertebra, 'however, i s  e ith e r  equal to , g rea te r than o r sm aller than 
the fo u rth . I s  a se rie s  of four juven ile  columns Davis found th a t the 
areas hod a' s im ila r p a tte rn  though th e ir  absolute values were 
proportionstoly sm aller. Further he has shown th a t•the heights and' 
thicknesses of the verteb ra l ped icles reveal a d e fin ite  p a tte rn  of 
robustness. In the upper half of the thoracic  region the pedicle 
ind ices , a s  lie c a lls  the product of height and thickness, decreased 
due to  the marked reduction in  'thickness of the ped ic les. In the 
lower thoracic  vertebrae there i s  an increase in  both height raid 
thickness producing stronger ped ic les. This increase of pedicle 
index stops a t  the ttioraca~lumbar m ortice jo in t;  though th e re . i s  
•variation in  the lumbar region, generally  the pedicle  ind ices of the 
upper lumbar vertebrae are smaller than the vertebrae above them but 
the lower lumbar vertebrae lime ra th e r  robust pedicles...
Davis remarked th a t  the d ifference in  the magnitude of the areas of 
the upper surfaces of the vertebral bodies and the pedicle indices suggest 
the d ifference of magnitudes of various forces which are  borne by these 
p a rts  of the vertebrae in  l i f e .  Been from th is  po in t of view the forces 
in  the upper h a lf  of the thoracic region appear to  be re la tive ly  sm all, 
perhaps because the sternum and the- sternal r ib s  play a p a r t  in  force 
transm ission. In the lower thoracic  region there i s  a remarkable 
increase in eize which could well r e f le c t  the abrupt concentration of 
the forces from the thoracic  cage to the vertebrae alone. In the lower 
lumbar region the mechanical stresses would appear to  reach the g re a te s t 
magnitude, .
Smith and Stephens (1958) suggested that each of the lumbar vertebrae 
in  a spinal u n it may account fo r  up to 2Qfi of the to ta l axial deformation 
under compressive s tre sse s . However, force d is tr ib u tio n  w ithin  the
lumbar v erteb ra l body had no t boon properly, in v e s tig a te d . ' '  S td ih  (i!K>9) 
thought. th a t force lin e  of compressive e ircsa  of the vertebral segment 
followed m cen tra l v o rtic a l d ire c tio n . This opinion was based on the  - 
fa c t  th a t  m  ©- re s u l t  of large compressive forces verteb ra l end p la te s  ■ 
o r  vertebra 1 bodies a re  frac tu red  before any other in ju ry  se ts  in  
(Brown, Hansen and fo ra  1957, --Hardy, h is s n e r , .l/obstor & Gurdjioa 1958#
Eosf 1950, Smith 1959)* But in. view of the fa c t  tlio t the bone i s  on 
amorphous laatcrial- and by no tmms ere .the lumbar vertebrae regular -in 
©hup ** and homogenous in structure i t  i s  log ica l to oosnsie th a t, i t s  
various components maygeoniributo d iffe re n tly  in  the transmission of .thb-. 
stresses  app lied . Iloehoff, Street end Blnosiein (19^9) .have estim ated ■ 
that tin ier a v e rtic a l compressive load the cortex generally  contributes 
45 to 75 " per cent of the peak strength of o lumbar vertebra. fkey have 
found that when the ash percentage o f a vertebra Is  loss than 59 per cent, 
only 40 p e r cent or loos of th e 'vertica l sires© i s  transm itted  through 
the trabecu lar bone d ire c tly  while the r e s t  (60 per cen t) i s  transmitted 
by the cortex . . Ferfcebrae with asli percentage g rea te r than 59 per cent 
transmit greater tban 40 per cm i  of the load by trabecular bone. In 
subjects over 40 years of age le s s  of the load i s  transmitted via -central 
trabeculae and wore by way of the inner layers -of the co rtex .
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Setaorl (1927, 1929) was the f i r s t  to  mho an exhaustive eiwdy 
of tho intorveriebral d isc . Hie eiaphasis was ch ie fly  on the nucleus
s
pulpe^us which was regarded by hits os highly clue t i c ,  being a ■ first f lu id  
tis su e  mass containing embedded fine  fib rous m aterial* The g e la tin o u s : 
m atrix was thought to be the o rig in a l 'mucoid m aterial deriving from the 
noboeord* Keyes and Compere (1932) thought th a t the same mucoid•
m aterial i s  th e .permanent m atrix of the nucleus pulpoeus and i s . a '  
m odification of - the notocordal m aterial* Schmorl suggested th a t, in  .
.the young tbo nucleus pilposus ha© a strong turgor pressure with 
considerable power of expansion* The tu rgor p ressure , however, depends- 
upon the f lu id  content of the t is s u e , diminishing with age and disappearing 
in 'degenera tive  conditions,. Hie nuclei pulposi ore bigger in  the te ib a r  
and th e .ce rv ica l region end are  capable o f .imbibing ©ore f lu id  than in  
the O ilier regions* M echel (1930) and Keyes and Compere (1932) a lso  
found a d e fin ite  re la tio n sh ip  between age and water content in  the nucleus 
pulposus; as age advances' the water content declines.*, This holds only 
fo r  an .in ta c t discs with rupture pvomiuvo dehydration se ts  in .  Smith 
(1931) believed th a t a f te r  29 years of age there  i s  u fib rous invasion 
of th e • nucleus pulposus b a t- th a t  i t s  e la s t ic i ty ,  i s  no t a ffec ted  u n t i l  
a f te r  th ir ty  when i t  becomes leas  f le x ib le  anti contains lo ss flu id*
In the fo r t ie s ,  however, whorls of fib rous tis su e  may bo found, and w ith 
advancing ago i t  gradually becomes an amorphous structure*
R eferring to the normal mechanics of the ia te rv e r te b ra l d iscs 
Scissor! said  .that, the nucle i a re  Mho so f t  shock absorbing cushions 
between hard vertebrae- to  whose surfaces they d is tr ib u te  pressure but not 
tension* ' Turgidiiy  of the nucleus jmlposus, so important fo r  the nom a! 
mechanics ;of the- spine, i s  achieved by keeping swollen tis su e  under 
■compression* The in ie ru e rieb ra l d isc , therefo re , can be compared to ■
au In te r io r  sprung cushion where the tension i s  bound by an exterior  
cover| when th is  cover gives way the compression i s  released or reduced 
with o consequent leaksge of the tension* - The degenerate d iscs lack 
tho•turgox* of the nucleus, and therefore  a re  incapable of exercising  
an expansion force on the t'ortebral bodies*
Calve and Galland (1930) likened the inaction  of the nucleus 
pulpomis ,to a f lu id  bearing in se rted  between the two b o d ie s .’ fills  they 
suggest, makes the iatervertebral jo in ts  universal jo in ts ,  though they 
Ore re s tr ic te d  in  movement by o ther v e rteb ra l structures* They 
eog&osi-sse th a t the -nucleus .pulposus i s  the cuds fo r  the movements, 
which under compression provides the disc with v ita l e la s t ic i ty ,  and 
transm its, absorbs and equalises pressure changes.
P o tte r  (1933) constructed a device to measure the "expansile? force*' 
of the nucleus pulposne. lie tr ie d  to co©press a sectioned d isc  by a 
known force by pulling, one v erteb ra l body against the o ther by a screw 
to  which-o spring scale  was attached* ‘He thought that a c le a r  cut 
expansion of the intervertebra 1' disc occurred when i t  was removed from 
the vertebral body, the mean value being 1.0B ms. To counteract ib is  
‘•expansile force" an average pressure of th ir ty  and two~ie»ths pounds 
%'tan required •
Bradford and Spnriing (19&1) attributed a shock absorbing function 
to- the intervertebra 1' d isc . They implied that on app lica tion  of a sudden 
compressive force the nucleus pulposuo i s  la te r a l ly  displaced in  a l l  
d irec tio n s , stretching the e la s t ic  annoluo fibromio, In doing so the 
pressure w ithin the nucleus i s  equally d is tr ib u te d  in a l l  directions) to  
tho verteb ra l surface (nirseb, 1951? Kachemson 19^0) thus avoiding 
lo c a lisa tio n  of stresses a t  any p a rtic u la r  po in t in  a wide range of 
movements (F ig.l)s' they thought th a t th is  mechanism f a i ls  in  acute 
angulation where the nucleus pulposus is  d isplaced and cinch of the s tre s s  
I s  transmitted by d irect compression ©f o ther vertebral structures*
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A an d  U show  th e  a lte ra tio n  in  th e  flu id  n u c leus 
p u lp o su s  d u r in g  ex tension  a n d  flexion. T h e  nu c leu s  serves 
to  Keep th e  transm ission  o f fo rce , rep re se n te d  b y  th e  
a rrow s, u n ifo rm  over th e  in te rv e r tcb ra l su rfaces. C  a n d  
D  also rep re se n t ex tension  a n d  flexion, b u t  w ith o u t a fluid 
nu c leu s  p u lp o su s  to d is tr ib u te  th e  tra n sm itte d  force. In 
ex tension  th e  m axim um  stress, rep re se n te d  by  th e  con­
cen tra tio n  o f  arrow s, is on  th e  p o ste rio r  in te rv ertcb ra l 
su rfaces; in flexion, on  the  an te rio r  in te rv e rtcb ra l surfaces. 
T h e  force is p a rtia lly  d is tr ib u te d  over th e  w ho le  in te r-  
v c rteb ra l a re a  b ecau se  o f th e  lim ited  e la s tic ity  w hich  is 
p resen t even  in th e  ab sen ce  of a fu n c tio n in g  nucleus 
pulposus.
Fig. 1. After Bradford Spurling (1945)
Tim ojnmlus ilibromis binds adjacent v e r te b ra l . bodies firstly  together» 
extreme angulation a t  any one leve l end r e s is ts  dispiaeesjest • 
o f the nucleus puipomss mdex* large  -compressive fo rce s . I f  the micleus 
hom in ies the uormal ise'chaaieia breaks down* fhey. thought' the displacement 
of the nucleus i s  only possib le  whm the two v erteb ra l surfaces are  f l a t  
allowing i t  to  flow from one place to  another in  the enclosed cav ity .
In decalcifying diseases where the iaterverlebral .surfaces bf the 
x'ertcbrOl bodies become concave due to the pressure of the nucleus 
pulposus the peripheral ring of the vertebral body- i s  subjected to 
a grinding action during spinal tsovemoisis*
•Roberts (t$Bh) challenged th is  theory of mechanical behaviour of 
the disc.by theoretical argument unsupported by ©xperimcaial evidence,
Staae of h is criticism s gained acceptance# Disagreeing with Scfuaorl, he. 
daubtod tho e la s t ic  nature of the? nucleus pulposus end denied-.' the 
p o ss ib ility  of tu rgo r. Partial e la s t ic i ty ,  however, was ju stif ia b le  
in  M s opinion due to  the a b ility  of' the m elons to  recover from 
defoliation* He further stated that the m elons, lik e  a l l  f lu id s , 
i s  Incompressible,' and -so held under pressure by’ the tension of the 
ammlus fibrosuo and associated - ligaments -  as opinion supported by .
Hoag anti Eosbnborg {1955) as m il*  Re considers i t  reasonable- to  assume 
that the asmulus flbromut and ligaments during various movements o f one 
vertebra over the other i s ' governed by the laws of to n ic ity , th a t is  
i t  • elongates and shortens without altering ’.the tension . in  the t is s u e , 
f ills  has la ter  been proved to bo untme (Nachomson 3$b3f Ctalante 19&7), 
Bradford and Sparling**! (19&1) suggestion that there  occurs a la tera l 
displacement of the nucleus in  a l l  d irec tio n s on application of o 
sudden force in  order to absorb the shook has been denied by Roberts 
(19V*), Thai the d isc f la t te n s  when. two adjacent vertebrae are squeezed 
in  a v ise (Middleton and teacher 1911» Barr 1937) has been condemned os 
a post-mortem condition not tenable fo r  liv in g  t is su e s , fhe ea r lier  •
suggestion th a t  the iniervertebrol jo in t  ;• i s  lik e  a ba ll and socket jo in t 
(Jones ami Lovett 1929) lias been to ta lly  discarded by him because the 
nucleus is ' neither spherical nor.taaovahle. Instead ho suggested th a t 
the movement i s  ju st a pivoting around the laid point so that" narrowing of 
one side i s  compensated by widening on the oilier* Further the cushion 
action o f ike nucleus- suggested by Sekmorl has correctly not been considered 
to  be mi active function but i s  due to  i t s  passive d istortion  during sp inal 
movement* II© lias rather extravagantly c r i t ic is e d  Bchmorl*o coisoeat which 
I s  obviously co rrec t that due to  M s e re c t posture mm lias '’gradually 
come to  l iv e  under a most dangerous mode of l i f e " .
Bradford and Spurliug (l9%5) regard the charac teristic : "expansile" 
a ttr ib u te d  to  the nucleus pulposus by S c te ir l  (1929) Coshin. (L93l)i as a 
M s-sta tenant, They consider the micleus as p la stic  and incompressible, 
obeying the laws of f lu id s . I t  i s  in  fa c t the tension of the aimulus 
fibrosus and a lso  in te rv e rtcb ra l articulations (Maekemsen 1950), and 
longitud inal ligaments (Tkacztik I9S9) which maintains' the pressure in  the 
nucleus even when the spine i s  no t under s t r e s s .
Bradford sad Sparling drew a tte n tio n  to the enormous magnitudes of  
p ressu re■and muscle tension developed a t the lumbo-sacral leve l during 
weight l i f t i n g .  They calcu lated  th a t a person holding a weight of 100 
pounds in  Ms arms 75 cn in  front of the fulcrum by the lumbo­
sacral disc w ill require a tension of 1500 pounds in  h is  erectores spinae 
which act -oa a short lever arm of approximately 5 cm. They considered that 
the to ta l  pressure generated in  the latervertebral disc w ill be a sum of 
these two figures, namely 1600 pounds. This neglects the weight of the 
trunk above the fulcrum le v e l . Though the assumption of the length of the 
lever am  on which the weight acts i s  un rea listic  yet the idea i s  quite 
consisten t and has received the support of subsequent authors (B arte link  
1957, Bavis 1057, 1969)* Morris, Lucas and Breoler (ipS l) calculated th a t  
when a. person i s  l if t in g  a weight of 200 pounds from the ground with kO
f le s io n  of ike spine on, the p e lv is , the weight £a 1% inches end the  m cs 
of the bead, nock emu fore  limbs a c ts ' a t  a d istance of IS inches in  fro n t 
of the f i f t h  lumbar d isc . .fliey Itnis dcducod th a t the eosapressive force 
wiilijLii the d isc  amounted to 2,011 pounds*
Stiok calcu la tions eaeotirogeci s  number of s c ie n t is ts  to  t e s t  th e i r  
v a lid i ty . Virgin (t$5l) studied the e la s t ic  p roperties  end 
cmsgrazaiteiXiig of tamm lumbar ia te rv e rto h ra l discs* Ho took a largo 
sc r ie s  o f lus&ar in ie rv e rieb ra l d isc s  v iib  e i th e r  th in  bony t r i o r s  from 
adjacent v e rteb ra l bodies, o r in ta c t  p a irs  of verteb rae , and subjected 
tlioa to  compression t e s t s .  flie s^mimmQ wore kept in  Singer’ s so lu tion  
before, and. during the esporftaGnts* ftioy were placed i s  compression 
m e tis e s  and loaded with. successive of f i f t y  pounds
dofoBnaticKi lieisg measured' s e r ia l ly .  He found even on passing the 
e la s t ic  lim its  ike d iscs reta ined  considerable power of rocoveiy /
Helm/ 5S00- pounds conjpressioa recover  was rapid. Above this lev e l  
recovery occurred a t  a muck slower rate and a permanent deformation of 
' about 0.02 inch remained. fkia residual, dafavm tim . varied considerably 
w ith age and the legion of the opine, i lio 'magnitude of the res id u a l 
deformation of the d isc  in  a second to s t  was s&wayn lo ss than the f i r s t  
ind ica ting  an SmprovoBoiit Is  mechanical e ffic ien cy  and loos energy lose 
during .recovery. fho time of application of. small loads-did no t appear 
to a ffe c t  the speed of recovery*
Hirsch (2.931) studied the plyeionI. properties o f fresh nasnal and 
defective intexrortobral disco by a more -sophisticated' compression 
■laaoliine- which had prevision for tmliAdivactimmi m vcseni including 
rotation of the specimens* Oe .determined the magnitude os veil- os tho 
direction o f  the forces which were applied to the specimens, and recorded 
iho ia irad isea l pressure by oscma of a %treasure tnstor whose -polot was 
thrust close to the falervertebral dlse*^ Ho found that structural 
modification resu lts In altered stress distribution within the d isc mid
r£hi& changed ..pattern of movement- of tho vertebra canoes fu rth e r  
deformation of ike iBtervortelBftl disc onu alters Gtrerseo la the 
longitudinal ligaments and ihe mterveriobrsl joints.
ISrsdi (1931) suggested that ©o long as the nucleus consists of 
■plastic m to ria l fcick in  water I t  w ill serve to  distribute the d r e sse s  
oqmilly la  a l l  d irections; asy loss of ib is material m  reduetion in  
I ts  water content'w ill resu lt in  additional etrain in  tlio mmulcts 
fibrtiono loading to i t s  rupture* lie found experimentally that th is  
pressure plays a v ita !  role In the. mechanics of  Hi© disc and Immiutmn 
of the nucleus pslpomio.
Illrscli a n t!  Ilachomsos (i95 t) studied the mechanical behaviour of 
freak  Ti , n i  lumbar interveriebm l disco wide? s ta t ic  and dynamic loading* 
Each o* the speciseas were te s ted  under th ree  conditions* i )  ve rteb ra l 
bodies with in tact neural arches, 2) a fter  heta&latiineciomy, and fin a lly  
2) a fter  to ta l  lominecioiaj'. They found th a t the mechanical response of 
the d isc ie  g rea tly  affected by the speed end duration of application of 
stresdea*-. Having undergone a c e rta in  ciamml of compression wader lo ad  
the d isc  readies ©qidlibritia but C^vi x* C 3 uO o sc illa te  on application of 
■short lived  additional compressive s tre s s* : ' On complete withdrawal of the 
s tre s s  the disc recovers i t s  o rig in a l shape mid Bime provided the load has 
not exceeded 190 pounds in  weight and fiv e  ninutes in duration* Beyond 
tliO so Holt© s lig h t peivmnent change vna altfoys found *> fhey measured the 
actual compression and the poripiiorcsl expansion of the disc under & load 
of 10© %», these being about 1*4 tss and 0*73 mm r e s p e c t iv e ly -Elit? load 
bearing capacity  of tlio som ol m  w ell a© degenerated dleos w s  s im ila r 
l a  in ta c t ,  hemite4neetomiGedt and to ta l ly  lam ineetm ieod specimens, 
onggooilsg th a t the disc© a re  the  only s tru c tu re s  xMch boar v e r tic a l 
s tre sse s  though the ooayreosive responses of the degenerated disco were 
greater than ilia aortal ones*
Short 11'act compressive stresses m y be -a l l ie d  in d efin ite ly  without 
Impairing * * oaomeelMmical properties o f ism M m *  Kith successively  
increasing loads ike shock - absorbing e ffic ien cy  of the d isc  i s  progressively 
reduced# Btspidly acting stresses cause the-disc to o sc illa te  irrespective  
of the point o f s ta t ic  ecpiiibriusi a t  which the disc .may find it s e lf#
In the l ig h t  of these findings i t  i s  evident th a t  the in te rv e r te h ra l d isc s  
. comprise a dynamic system reacting  ceaselessly  .and promptly#
■llappoy, Horton, Mae- Hoe and Mtiylor (1933) agree with Bradford and 
Sparling (1945) M rsch and Kaehesageo, (1934) that the nucleus pulposus 
has-:ik e ,'aM liiy ,to convert vertica l -pressure .into a Iiorimontal. tkniot 
on Hie a im luo fibrocus* They further suggested that the onmiltis 
' flbrosus amst h e . e la s t ic  in  order to d issipate the resultant thrust from- 
the nucleus * -' ; ,
Broun,. Hansen and Yorro'.(1957) describe.-the lumbar disco, as capable 
of withstanding on axial compression of 1,090 -to .1,500 pounds# fkey 
s ta te  th a t  the vertebral end p la tes ; a re  most .susceptible to  fa i lu re  
tinder compression (a lso  supported by Smith ■ 19©9) , oven when the acnulus 
i s  already ruptured* Under prolonged oppression  - (from ten  to  th i r ty  
• minutes) am! under successively increasing compressive loads they m m  
able "to obtain a- 'reduction in  the volume of-;five intervertcbral -discs 
ranging from 1*0 to  '2*9 ml before fa i lu re  of the  ve rteb ra l end p la te s  
occurred* Oloward mid Bu&ard (1352) a lso  noted th a t w ater soluble radio  
.opaque -.substances in jec ted  in to  the d isc  disappeared qu ite  quickly  even 
in  -reclining positions vhm  the compressive forces ore laiaitmsm* • Under 
suck circumstances Broun, Hansen & Yopm a ttr ib u te d  th is  reduction in  
volume to  co llapse of f is su re s  tm i spaces in-addition, to  squeezing out 
of the f lu id  across the .vertebral emu plates in to  ike marrow o f the 
adjacent vertebrae# They -found tbo ten s ile  streng th  o£ the ammXm 
HbmuuBf whxeh decreased from periphery to  the. cen tre , anterior "apdl 
posterior portions being -strongest, la te r a l'parts lo ss  strong and.
central the least*
IvIicb considering loading md beading of th e ' spine
Browai -Hansen and Yorm (195?) observed th a t  the d isc  bulged m. idm 
■tsoneave side of the curvature mid became f la tten ed  ok the convex oldej 
o t  .righ t angles to  the plane of tsavmxmt n e ith e r contraction  nsr 
expansion occurred* th e  mxtexxa degree of conirnction o r oxipsxatou - 
always occurred in  the eateries? aspect of the dloeu Such uumilur 
expansion o r bulging cm .the concave side of' the. curve led  ■ the outliers 
to  disagree w ith the generally  accepted opinions th a t  the nucleus nerves 
to  d is tr ib u te  the pressure ecjuftlly in  a l l  d irec tio n s  (Bradford and 
Sparling t9&5* H irseh md tfazhmsm  195%) end th a t i t  taorer towards the 
convex side of the- curve' (Hoag 1955.}*. Shoy thought th a t tlio observed 
changes wore a ttr ib u ta b le  to  d ire c t  compression of the eumilus ra th e r  
than increased pressure .in  the nucleus .pulposus*
■ Hardy* Mssfier* V/cbster ©ad Gurdjian (195$) investigated  the 
e ffe c ts  of repeated a r la l  d e p re ss io n  and vimi they c a ll tronsvoroo 
bending on fresh  and osiboltaod human lumbar spines,. B ie ir " transverse  . 
bending" appears to  be la te r a l  f is s io n  and- lias boon tahea a s  such*
?Bioy found that these structures withstand smelt mechanical stresses  
vciy-x/oII* ifery high loads Bay cause licnuniion of the nucleus
pulposus through. the cad plate cartilage in to  the adjacent vertebral 
bodies* ’They fount! that la tera l flex ion  was the moei hD&Qrdous of  
tlio flexion movements* fho stresses arising front ouch movements 
socaod to be mot by the combined action o f the bones» muscles and .ligaments* 
• longitud inal. tension stresses arising- from la tera l flex ion  caused fa ilu re  
of both the vertebral body and the annulus fibresus*;*-
Horton (S95G). studied thin sections o f tasan iaferveptobral d iscs  
by polarised lif# ii microscopy and r~ray • crystallography, ©bowing regular, 
orientation of collages fibres within them* ' Based on ohcervaiiousmde by 
Hlrscli and Kachensoa {195&) and Happey* Horton, Mae Boo and Naylor (1959)
eoaeeRsing the re la tio n sh ip  between the height ob5 mrcui^ercnee of the 
d isc  and i t s .  e la s t ic  t-acdisaloss respectively* Horton oayo th a t .fiuch 
'e la s t i c i ty  .causes opprosltaaiiosi of tlie too v e rteb ra l end plaioe. and 
on increase in  diameter o f the d isc  uliieli ilsis Isas on lucre one in  i t s  
cross sec tional a rea . TMn Increase in  the radius o f . the d isc  ism only 
%m achieved hy mmrmmii of the tm lnsia l oUeois of mlMg&i f ib re s  
vMcli oo^riise  tho amsxlttot 'v&mi&tng in  a redaction  of the angle 
iibti'/eon adjacent laminar • fii^ es*  fits redaction  in- 'e la s t ic i ty  of' 
th e ''intQ'irvortcl^ral- d isc  m tb  ageing i s  a ttr ib u te d  to  changes in  the 
melons#
rdsogreeing ndth most of the xmAmm lim it: (¥ /& }  believes that 
eor^prceolve forces are .absorbed. by the vertebral' bodies rather than the 
in te rio r tcbral d iscs ♦' In orporiiaeiiis on -ootoo^lignnimtaw preparations
hmltmni. th a t the mxmilm ondowent v e r y - l i t t l e  bulging, end .concluded 
th a t  the v e rteb ra l end p la te  bulges in to  tlio v e rteb ra l body to  for-efe 
the  blood out of too cancellous bone in to  the p e riv e rteb ra l sinuses*
I s  Ms o p in io n 'th is  i s  -the nonaal energy dissipating saechcmisa of axial 
’ tm& vomim *  la  co n tra s t to  2^0 "general b e lie f  he'holds that the d isc  
Is  very *resistent to  conipression ;irad th a t 'the nucleus does .'not a l t e r  in  
shape o r p osition  e ith e r  m  emxgmmiim.'or m  flexion* '. In 'fo o t ,  ho give 
ua iiaprossioa th a t  tlio iniarvertobral d isc  i& n so lid  Jo in t vriik the 
nucleus acting as ti m etallic b a ll v ith in  it#  • Hoveriboltnm# he agrees 
with 0 tilers th a t  on excessive expression- i t  i s  tlio verteb ra l body vbicb 
ontlergoos a v o r tic a l frac tu re  and n o t the d is c . ' According to  M s 
degeneration of the d isc  r e s u lts  i n  obaomal n o b ilily  :o f -the jo in t  and 
that, xrltim degeneration lia s ' occurred, i n ' flex ion  the onnnlus bulges out 
on'the concave side of tlio curve# He considers tlio apinul ligaments to  
m  em its re s io io a i to hyperextohsitti or iy p o rf loricm, tlio v e rteb ra l bodies 
f e l l in g  before any tesage to  tlio enmiluo can arise#  Hmmver* he immS. 
that Mm- lig m m tn  tmm  susceptible ' to horisontai aliearisg forcest the
ucalsieas tiding moot taatfced in  rotation* A coisbinaiion of e x p re ss io n
tms, rotation Is '.regarded Ivj Mm m  a potcsitlQ&y dangerous stress capable
a t  causing a varitrty of lesions*
Hadiecssoa immil th a t  'the nuc le i palpoai behove l^ d ro s ta tic a ily *
.dlsirilm ting tlio pressure uniformly over the snrrotsndisg tieeoea , as Isos
eloo boon described by Bradford o&d Apsarliag, and i llr so b , ' 195i*
tfochosmra found no e ig u ifican t d ifference  in  liydi^osiniie behaviour in
tho nuclei of dioco from L* to L, f m r  did ho find m&h differences uSiesi• i. oT
ctEsparlsg healthy and moferoioly degenerated dines* Severely degenerated 
uiom 9 appear to  be -neehanioaily d e ra ted *  la  rn tm l  e ioca, -tho
.pressure induced in  tlio nuc le i pulpoDi boro a l in e a r  .re la tio n sh ip  v i th  
o s ten io lly  s|?pliefl loads# the intrndi&c&l pressure being about 50 to 
per cent big! or than tlm t imposed o n ‘the v erteb ra l b o % » f l i t s  re la tio n sh ip  
t/euld bo co rrec t i f  the nucleus pulposus t*ere flic p rin c ip a l supporter of 
.the longitud inal compression, since i t s '  cross sectional n'rea i s  50 t o .50 
per cent of tho area of the v e rteb ra l css! plate# ■
£aeh<K3SQ» and Morris uere the f ir s t  to record iniradiocol
preseuros in  Immsn volunteers* tisisg sp ecia lly  designed pressure sensitive 
needles*, *he noodles have a hole on mm ride covered \iitb  polyotaylone 
M ilng retained in  place by' a threaded plug fom ing the sharp end of tho 
instrument* m  five subjects, proosures observed in  the s it tin g  pasture 
wore sligh tly  higher than those expected from Bache&scn'o ( i960} 
observations* She discrepancy <wau thought to be due to -the in tr in s ic  
pressure MtMn the disc, to tho fact that tlio line of gravity in  the 
s ittin g  posture fa i ls  noli ia  front of and rsay also have been fee 
to tho fact that tho body m ight of the live subjects wm greater than 
that of those used in the -previous experiments*. Is Mm living the 
Valsalva manoeuvre 'increased 'the iniratllseal pressure by SO to 30 per cent*
Eaeiiemoia (4953) studied the intrctdiseal pressures and ten sile  
stresses in  the ciibmIuc fibremss' ia  os tool igcimeniouo preparations when 
mzitil ®Q@®rmuitm was applied to pairs of vertebrae" in  d iffering degrees 
of ’floxion* Ho .eoaeluded that the m elons pulposus behaved bydro&taiically 
under a®/ direction of. t i l t .  Ho found* however* that tlie intradiseal
pressure was sligh tly  greater ia  f lta io a  for a given oxial loading than
/ 2
that observed l a  ilia mfioKed specimen* th is  oreosa being about 0 .7  Bg/m** 
when'tho t i l t  was Ir in  any d irec tio n  fo r  es&al loadings between 2 to  
10 Hp/ecfE. The fa c t that tlio excess pressure was tho same throughout 
tho range of applied axial compressions xmn thought to  ho duo -to the 
n on lin ear l a te r a l  bulging of tlio am ulus fibrosa© on inclined  leading? 
thus tlio area of. vertebral end p la te  supporting the nucleus in  lo ss  in  
tlio f la red  condition than in  s tra ig h t  .axial compressions and since the 
nucleus i s  thought to  be incompressible (Eappey e i  n l ,3.955. Pick 190b,
Joplin 1953 - cited by Hackexasbn) Its internal pressure will therefore 
be higher ia the tilted condition. Further increases in tilt were found 
to cause marked increases in tlio intradiscal pressure# for instance a tilt
of 0° backwards m m m  a pressure increase of more than one hundred per cent
oIn  .faaaan volunteers in  which the trunk xrm inclined  forward a t  20 
a 30 per cent increase in  in tra d isea ! pressure was recorded (Hacbonuon 
1 9 *5) .  In axial compression, the melon© polpoaus was compressed but the 
mnmhxs fibrosus was placed ia  o s ta te  of tension and in  osteoligameatoits 
preparations th is  te n s ile  s tre s s  was calculated to bo 3 to  5 tiiaoo of the <-3 
laagaiitid© of load per unit urea in  the narrower dorsal region of the lumbar 
intervertcbral d isc  {Hoclieaaon 1950)* With 8° baekunrd t i l t  such tan g en tia l 
to n s i l0 stresses m y  reach lev e ls  h or 7 times the load per unit area 
observed by ©sternal loading (Uaebeasoa i95 'j). in  the t i lte d  condition 
the te n s ile  ©ires©' generated m y in  soiao coses bo 25 nor cent higher than 
th a t generated by the same load in  tlio un til ted -condition* fhu« Nackos&im
formed the opinion that ifc? rapture of tlio cisrultis fibroma m& hem iotion  
of tlie naelmiu pulposus i s  more lik e ly  to occur .ia  sta tes in  tM cli the 
spine i s  either flexed or subject to oblique axial cmBpreseioB then in  
those ia  which the cmprom im i i s  vertical*
Moderate degeneration lias been shown to alter tlio pattern of reaction 
of the lumbar iatervortebrol discs to compressive forces* la 'tests on.. 
ten subjects with moderately degenerated discs, Haekemson found that tlio 
compression of the omulus was double, and ilia tensile stresses wore about 
half those found in healthy specimens (Mcsehomson 1955). He thought■ the 
differences were .duo to structural changes leading to either greater 
ccripressiMliiy of the nucleus pulposus or greater rigidity in  the nminiiw 
fibrosuo. Moderate degeneration, on an average, has been found to decrease 
tlio internal stress by about 30 percent as compared to stresses obtained 
In a normal disc , under similar situations having equal disc sir*es and tlio 
same body weight (Haelietason 1955)* Mo explanation of this .finding has 
been offered by him.
Post-veriobral jo in ts and their ligaments create m  in tr in sic  pressure 
in the disc 'of tlie order of 0*7 Hp/csT* On removal of these jo in ts the 
in tr in sic  pressure disappears. Machemsea (1950) suggested that neural 
arch jo in ts might carry up to 80$ of tlie to ta l load in  tho Itsatat*' region 
but h is la ter  studies have shown th is  not to be so, the'posterior  
articulations playing no part in  the load bearing capacity of the lumbar 
spine (Machcmnoa 1.953)* ■ She transmission of weight i s  in  a i l  probability  
effected  more or le e s  completely by the vertebral bodies between the f i r s t  
to - fifth - lumbar vertebrae* '• Hie inferior, surface of tho f i f t h  lumbar 
vertebral body i s  smaller in  area than the fourth, and cross-sectional 
area of the pedicle i s  greater than that of the fourth lumbar vertebra 
(Davir, i f S i ) .  fliie  seems to suggest that between f i f t h  lumbar vertebra and 
the f i r s t  sacral vertebra a sign ifican t degree of eoiispression i s  transmitted 
by the articular facets.
IJacteasos (1970) measured. the intradincal pressure l a - vivo fm s  
tlie third lumbar d isc  of nine persons with normal sp ities in  a wide 
v a rie ty  of s ta t ic  and dynamic situa tions*  She' pressures.recorded 
in  .sta tic  .positions accorded well w ith  tlio calcu lated  values from M s 
empirical formulae* Manoeuvres l ik e ' stra in in g ,. coughing - and laughing, 
porfomed in  the standing position altered the intradiscal pressure’ 
sign ificantly? coughing caused on increase of 40 per cent while straining . 
ra ised  i t  by 50 per cent* 20° la te r a l  flex ion  of the trunk was accompanied 
by a pressure r ise  of 25 per cent t-Mle 45 ax ia l rotation increased i t  • 
by -22 par s e a t . During alow walking the pressure rose only by 15 par
coat* Sudden movements l ik e  jumping on the f lo o r  created a r i s e  of 40
per cent In  tlio iniradieeal pressure? o sc illa tio n s in  tho ' recorded pressure,
was not encountered with such rapidly changing stresses in  vivo m  found
in  v itro * iikis being apparently to ta lly  damped within the body*
Hocheason measured the intradiscal pressures in  hie subjects \fhilo  
they lif te d  ’weights of 20 kg# f ir s t  in  a stooping posture and then keeping 
tho trunk erect and beading their Imeok# The increase in  pressure due to  
l i f t in g  in  tlie stooping posture was about two times that observed when 
l i f t in g  with the* trunk erect# He a lso  applied vertica l traction to  
their lntibar spines, and found that «■weight of about C>0 per cent o f the 
body weight was necessary to reduce the standing intradiscal pressure by 
25 per cent*
Eie (1956) suggested that tho a%reroge vertica l compressive forces 
acting on the lumbar and' lumbosacral sepienis during moderate and heavy 
exercise are w ell h e lm • the fa ilu re strength o f .normal, adult 'vertebrae 
and iniervortebral disced Bo found in  35 autopsy specimens that fa ilu re  
of vertebral components did not occur in  spines subjected to ax ia l 
loadings as large os 650 kg* though the resistance to beading forces . 
of the lumbar spinal colusm is'low*.■
Farfan (1949) determined the rotational strength of. in tact  
iniorvertehral jo in ts in  the lumbar region using fresh human cadavers 
xdth novml vertebral bodies end Intervertcbral discs* He found that 
forces of 600 to t-fG90 inch pounds (02*95 to 130*69 hg/ll*) had no 
injurious effect* Using specimens t/itb  oncl without tho posterior  
vertebral- jo in ts fee c learly  demonstrated that these articulations  
contribute to  the resistance to rotational forces.- Buds unladen 
.rotational te s ts  caused.circumferential tears to appear in the cumulus.
He further points 'out that change in  the orientation of the lower 
lumbar posterior jo in t surfaces rentier© these loner lev e ls  more 
vulnerable to rotational stra in  and increases their chance of 
degoBoration.
Grieve end Arnett (1970) investigated the power exerted during 
axial rotation of the trank, found that the mean value of the torque 
produced, during the movement i s  independent of tlie movement of inertia  
of the object - being moved but depends on the posture of the bind limbs. 
Their subjects were encouraged to produce saaxim  exertion, but they 
found no evidence that the torques produced were injurious, although.
Iloof .(i960) 'considered» axia l rotation of the laden spine to he 
a dangerous operation* Grieve and Amott found thot the trank musculature 
contracts f i r s t  ecccntricolly  and ifeen by concentric contraction.
Eccentric contraction i s  more powerful (the torque reaches a peak In 
tills  phase) than concentric and serves to transfer the momentum rapidly  
between body segments in a linked system of in ertias from the trunk-;.-to 
the object.
Mechanical. stresses acting on the lualsar .region have been considered 
along with the responses o f the vertebral body, the end plate and the 
nucleus -pulposus, but the. physical properties of tho cmmilua fibrosus 
nmst be .understood before my correct interpretation of the mechanical
behaviour o f.th e  disc  can be developed* GcXante (195?) investigated  
come, of these properties end has -found' th a t the.'amsulus is'.not. a 
homogenous structure*  He found th a t both s t if fn e ss  and tlie power ■
■of recovery a f te r  a s tra in  increased from tlie centre  toward© the 
periphery i s  the horizontal plane, with the exception of the outermost- 
anterior layer* Generally speaking the anterior -aimulus i s  . s t i f f o r  
w ith le s s  residual deformation and smaller hysteresis than the posterior' 
annulus.
The general pattern of. response of the annulus to ten sile  forces 
m& an easy extension along a vertica l axis with, no res is tan ce  to  angular 
motion o f the spine. Under these stresses l i t t l e  elongation of the 
collagen f ib re  was observed, • Horizontal'displacement of one vertebra 
upon the  other i s  met-with enormous resistance (Gslanie 195 /), In th is  . 
way the jaunuius meets the two inconsistent requirements of the spine*, 
those of m obility  and s ta b ility .
Attached to the msmltus on the anterior' and p o ste rio r aspect© of 
tho disc and running over tho vertebra! bodies arc tlie a n te r io r  and 
p o ste rio r longitudinal ligaments which' also  take mi active  p a rt  ia  the 
spinal mechanics, Tkaesuk {1959) found-thot the anterior longitudinal 
ligament \m.B tlie more sturdy of tlio two*. The absolute.ten sile  properties 
of those ligaments vary at d ifferent lev e ls  in  the lumbar sp in e ,. These 
•ligaments have a degree of e la s t ic ity , since they become shorter on 
removal.from.their vertebral•attachments. Thus they must have in tr in sic  
te n s i le ' forces in  their natural state ,. -. This pro-stress value has .been ' 
demonstrated to bo between 120'. to 550 gsa. This pre-stress -seeias .to fee..- 
dependent on nuclear 'pressure m i  e la s t ic ity  o f anaulus fihrosus. The 
collagen f ib re s  of these ligaments are dispersed - in  a haphazard manner. 
a t  rest and undergo a progressive polarisation -parallel to  the axis of 
tlie .stress with - successively increasing loads {fkacxwk 1969) *-. Ageing 
reduces the ex ten sib ility  of -these ligaments but a fter  20 to 30 years
of age tho rate of change? decreases*. With degeneration of tlie spine 
defom aiioa end residual deformation both .arc markedly decreased*'
In considering deform ties. o f sp inal u n its  under compression more' 
attention has boon paid by investigators to .the ro le  of tho in  te r ro r  ieb ro l 
.d iscs than to  that of-the v e rte b ra l .bodies? they have however•boon shewn, 
to contribute- sign ifican tly  in  the overa ll deformation (Smith and 
Stephens'135S)* -Theee workers have found that in o spinal -unit of 
dog consisting  of ism vertebrae and the in tervening d isc  60 per cent: of 
axial deform tion i s  undergone by the disc mid tlio remainder i s  shared / 
by -tlie 'two vertebral’.bodies* fbus each vertebra. contributes about 
'20 per cent o f the to ta l reduction in the eiwnio-caudal length of the' 
« a ii j  and they are  each, compressed by about 0 .5  per cent of. their to ta l" 
leng th , Cf.,5 per cent redaction Its overall len g th ’appear© to ho well 
w ithin  th eir  physiological capacity when one considers the longitud inal 
layout of the Y-shaped trabeculae and the fa c t th a t the inieivirafeeculctr 
epace i s  f i l l e d  with bone marrow* Mhm one considers th a t ,  under 
compression, fa i lu re  o f the vertebral end p la te s  may occur (Scbmorl 1329)# 
and vhm  ono couples th is  with.Smith & Stephen*© observations, the 
presence of Y-shaped trabeculae and of large  vascular sinuses loading 
in to  the contained bone ©arrow*, i t  nemo lo g ica l to suggest th a t 't l ie  
m i pinion m y  receive support i a - l i f e  from a hydraulic nechaaiesj within 
the' vertebral bodies. Such a mechani&m would help to explain the 
differences observed by several workers in  the compressive resistance  
of - liv in g  and .dead m aterial* There have fep«m. investigations into the 
p o s s ib il i ty  of hydraulic strengthening o f  bone (Swanson , csd Freeman 1966) 
but since they were' carried out in v itro  m  defatted and dried bones 
they am  have l i t t l e  valid ity* -
Im m ia iim : (inguinal os w ell as femoral)' and sriseeral p ro lan s .are 
o f .widespread occurrence .among people, in  professions requiring great 
physical exertion (Bemaais anil M iiehiaeiv 1927) soil w ith the l i f t i n g  
: of lieary weights (tfakeiey and Hunter 1914), . However, :&o d e fin itiv e  
•studio© of ■ the possible ro le  of ra ised  intra-abdominal pressure! in  th e '
•causation of these in ju r ie s  were carried  o u t, most in te re s t  being' shown 
in  the ro le  o f such pressures in -resp ira tio n *  -'-Marey (t8&5) and Paul 
B ert (1870) noted th a t  deep in sp ira tio n ’ ra ised  .the ■ Intra-abdominal 
pressure sligh tly*  - Hasse (1890) showed that- the increase in  i a t r a -  •'
. abdominal pressure daring inspiration i s  associated  w ith descent o f the 
diaphragm in  th is  phase of resp ira tion*  -He further noted th a t the 
.fluctuating po sitiv e  abdominal pressure was a ' function of simultaneous.
' eoniraeiica- o f the diaphraip m& ■ tho abdominal musclea during inspiration* 
Hbinricfus (189O)'found that an - intra-abdominal pressure of about'27 to:"
46 cci of water was f a ta l  in ’ ca ts  and guinea p igs, and ho a ttr ib u te d  th is  
to .obstruction of thoracic  expansion during inspiration* •'■ In  ca te , dogs - 
and rabbit© the descent o f ' the' Hiaphragcs.in. the p rincipal fa c to r  
increasing the inira-afedoiaiital pressure during qu ie t inspiration  
.‘(Saorson 19!!)* Disagreeing'with Heinricius, Emerson ( l9 H )  suggested
that the cause of deatli in  experimental animals on in fla tin g  the abdomen’ 
w ith f lu id  pumped under pressure i s  due to reduction of the venous re  turn. 
m i  subsequent cardiac fa i lu re , th is  occurring before respiratory, 
obstruction- lias had a chance to  develop marked asphyxia*
... Coombs .(1922) found .that an in je c tin g  flu id  in to  the abdomen of 
ca ts  the pressure rose with 0 slow ra te  in  proportion-to the volume 
injected t i l l  a c r i t i c a l  poin t was reached a f te r  which tlie r i s e  m s much 
quicker* -, At th is  poin t she noted th a t  co sta l respiration increased 
g rea tly  in  depth to  compensate fo r  the diminishing.effectiveness o f .
abdominal respiration* She further found that pregnant cats bad-a much 
greater a b i l i ty  to  accomodate fluid a t  law pressure and th a t they were 
capable -of enduring much higher i^ sm x res  before dyesjaa se ta  in# R ejecting 
BsK>rsoa, 's hypothesis ©be supported that of IMuMctua that, w ith attcli 
a r t i f i c i a l l y  in f la te d  abdomens, death was due - to  re sp ira to ry  ra th e r  
tlum circulatory failure* '
Keith (1923) in  bio Hunterian lecture said that in the standing 
or B itting posture there i s  a p ositive  in tra-gastric  pressure o f tlie 
order of 5 to 3 «a of mercury. In ike  lying p o s it io n .it ’ rose to  16 m .  
flic in ira-reeto l pressure on ©tending in  an easy posture was 13 to 2Ci isu 
of isereury*. Ho added that the h'‘7;-reciue and oblique muscle© of tho 
abdomen are essen tia lly , muscles o f the spine antagonising the ereotores 
spinao muscles* The spinal muscles thus fomed a great cylinder id  thin 
which was packed the eolusm o f abdominal eon ten ts. The abdominal contents 
are, therefore, -subject to oosproseion by the cylinder of postural umseles. 
He added that during violent muscular e ffo rt tlie intra-abdominal pressure 
w ill  r ise  tip to 100 to 159 o s  of m rm gy*  ttI i  i s  with tlie evolution of 
plantigrade posture of the human body that the.postural compression of 
tho abdominal viscera reached i t s  highest point”*
Wagoner (1926) measured tlio intx*a~abdominal pressure in  aoa&eys, 
ra b b its , c a ts , dogs and eadaveru* He always found a s lig h tly  negative 
pressure f lu c tu a tin g  w ith resp ire texy  tjovtttoatita* Overholt (1931) ’ 
measured tho in tra -p erito n ea ! pressure of doge ia  tlie region of the 
ep igastrium .and recorded 'a ©ulmtiaospheric mean vslue* Ho found th a t 
tins’ in tra -p erito n ea  I pressure varied with, tho change* in  -position o f tho • 
ammk% in  tho trunk , He deduced th a t  tlie pressure d ifferences a t  various 
lev e ls  w ith in  the abdominal cav ity  M i l  be determined by the hyd rosta tic  
pressure of the abdominal co n testsf -. tegethor with the f l e x ib i l i ty  of tho 
b e lly  trail*. C ontrary 'to  numerous o th er researchers, Overholi sa id  th a t 
there  i s  'ac tually  a f a l l  in  -inira-xieritoneaX pressure in -q u ie t in sp ira tio n
in  any p o sition  and th a t tlio' r is e  occurs only during expiration*
Murphy and Mongert  (1933) measured the intra-abdominal pressure 
by in f la tin g  a balloon placed high tip in  the vagina and asking the 
subjects" to s t r a in  down* This produced o maximum e ffe c t in  the 
s i t t in g  posture when pressures of 200 cm of water were obtained*
They found that the v isce ra l weight profoundly affec ts th is pressure? 
from the knee-chest position  to the s it t in g .p o s it io n  the pressure 
rose from 0 to  31*2 cm of water, th is  confirms Overholt’s hypothesis 
of hydrosto tic  pressure*
Mm (1539) measured the intra-abdom inal pressure in  dogs from 
various p a rts  of tho abdominal cavity  by in se rtin g  a rubbe? bag (glove 
fin g er) and mostly found th is  to be p o s itiv e . Oh tho basis  o f animal 
experiments and 'observations made by Murphy and Mongert (1933) he 
suggested th a t in  humansa pressure of 23 to  40 cm of voter e x is ts  in  
the lover abdomen and pelv is in  the uprigh t position* He fu rth e r  
surmised th a t th is .-pressure'gradually dwindled as one rose above u n til 
ju s t  below the dome of the diaphragm where i t  was negative. This 
pressure grad ien t was reversed in  order in  a person standing on h is  
hood* This led  him to  agree with Overholt in  saying th a t the in tra- 
abdominal pressure i s  caused by the hyd rosta tic  pressure of the v isc e ra l 
contents and th a t  there i s  a re la tio n sh ip  between the volume of the 
abdominal cav ity  to the volume of i t s  content.
Euslmier (l94h)■recorded the intra-abdominal pressure by su rg ica lly  
introducing and p a r t ia l ly  in f la tin g  a rubber balloon in  a dog’s abdomen. 
From h is  findings he too deduced th a t the- pressure w ithin the abdominal 
cavity  i s  prim arily  a.''manifestation of the head of pressure provided 
by the mass-of movable organs w ithin  tlie p e ritonea l cavity. Ho noted 
th a t; th e  magnitude of the recorded pressure was d ire c tly  re la te d  to  the 
v e r tic a l height of the column of abdominal contents above the lev e l a t
which the moasuraaenh %m& made* Tim correlation co effic ien t between
the measured Intra-abdominal jirassnra and tlio height of the hydrostatic
' .column ofeove ike lev e l o f measurement in  s ix  dogs was' 0*054 when n m&
43* Ho further studied the iutra-reetal pressure in fiv e  men and took 50
readings ; by means of as insertud balloon whose position  was. studied
roeni^enogya^vadlJ';•* The-, correlation co effic ien t in  th is series of
experiments hetraea tho recorded pressure mid vertical distances from
tlio balloon to. the dome of the diaphragm, tM ch increased progressively :
css the subject rose Iran  lying to erect position stopping a t 50 • and 60.
degrees o f - inclination , was 0*888 when si woe 30, ' Be further suggeeted
that the intra-ahslominal pressure m y  p a r t ia l ly  balance tlie venous and- .
capillary pressures ©ppoaia& the tendency for pooling of blood within
the splanchnic' rooervo.fr* Ruskmar (1947), using dogs, found'that
•during positive radial acceleration the intra-abdominal pressure,
'measured ia tra -raeta lly , is  proportional to the applied centrifugal
force, .and woe able to  tleiixee that undos? the affect of gravity and
£,
cen trifu g a l fa rc e s , the abdominal pressure changes ora ident% tl those 
of a c o llec tio n  o f .-f lu id s  in  0 f le x ib le  chamber. Ia  M s experfa ja is  ■ 
with f a l l in g  c a ts , su rg ica lly  implanted w ith f lu id  f i l l e d  - rubber 
balloons in  Hie' m id-ax illary  line  between the lower rife margin and the 
■ ilium , Umtmm* observed 0 p o s itiv e  pressure ranging from 005 to  260/ m  
of mercury when tlie ea ts  landed on Hie ground* By slow motion photography 
he a lso  demonstrated pressure waves i a  tlie p e rito n ea l cavity*.
Adno (1956) measured tho iaira-afedifcfiual pressure .in humans a t  
-various positions in  the abdomen (peritoneum, bladder, stomach one! rectum) 
fey. moons of' 0 stra in  gauge connected to th e : patient %  a polythene catheter 
f i lle d  Mil* norm®! saline, the gauge output being feci through an am plifier 
to q recording device*.' For intra-peritonea! pres auras ho attached th is  
taking to a needle or a canula which M s inserted into the peritoneum*
At re s t he found the abdominal pressure to be p ositive , ranging from
5 to- 23 caa*-of water. He thought tlio lower pressure v m  associated with 
expiration* ' On coughing, straining, or standing m*eefc tho pressure rose 
considerably* Simultaneous recordings fv m  iutra-peritoneal and bladder 
 ^ eanmtlae showed identica l patient© and sim ilar  pressures tmder d ifferent, 
ceadiiioas and various positions*
•Davis (195S) In a series o f healthy adult males c&asured the in ira -  
abdominal pressure b y  balloons, in  the rectm  anti stomach while tho 
subjects were l i f t i n g  %/eights in  three postures' -  upright, stooping, 
mid prone* Ho found e sse n tia lly  the same p a tte rn  in  a l l  the postures 
'though • the values d iffered  in  magnitude -  small in  tlio u p rig h t, greater 
in stooping, and - greatest In  .the prone position* Davis (1957) suggested 
that the increased intra-abdominal pressure during weight l i f t in g  a c ts  
by-'raising the pressure helm/ tbs dome of tho diaphragm thus enhancing 
the l i f t in g  e ffe c t  of the diaphragm on the lower ribs* Ho considered 
that in th is  .manor tho. r ib s  act as a lever on tlie spin© to  r e s i s t  
spinal"flexion; ho found th a t the g rea te r  the flexion force being exerted 
mi- the- trank by the weight, tho g rea te r  m n  tlie intra-abdominal pressure*
. He noted that l if t in g  of heavy weights i s  consaenly preceded by the subject 
holding a deep ^breath to raise the iistra-thoracic pressure m  well* This, 
■lie suggested, was to  prevent approximation of ribs bud thereby also 
exerting, an extensor force.on the spine*
Barioiink (1957) made several observations about the behaviour of 
tlio -intra-abdominal pressure during weight lifting* lie -confirmed that 
the pressure increased with the liagnitude of the weight l if t e d  .and varied 
with the degree of inclination  of Hie' trank* Vlhile l if t in g  weights 7 6 
tlie peak pressure© occurred vlmn tlie weight'was lif te d  about tea to 
f if te e n  inches above tlie surface ami not. ia  the in i t ia l  stages of tlio 
l i f t .  The pressure declined rattier rapidly and reached as in sign ifican t  
level even when Hie body was inclined forward a t  an angle of 15° to 2b*1,
is  euiHlsa l if t in g  effo rts  iacresiscs it! pressure w&re ahorp* In v im  
o'* 11. f a c t  th a t there wan a c le a r  rolariionnldp between the e f fo r t  of 
ilsc tra&  smd i-lio -in to-sM essIiial pressure i t  %sm euggosted th a t the 
tensed ® b t a a  m  n frimtccular^fcoleia»ttf and the long! ludinal
to ■nrx *■ve stress ^tis partia lly  transferred frea ill© spine tmd 
tliom eic. cage to o sort of "fluid h a ll’1 fnnaing anteriorly iron the 
eeoiol m rgin to the |>e!vie floor and gnidod in te r io r ly  hy the opine. 
Boriolinh said that though the calculated thrust ■ transmitted by the 
diaphragm to the ioror thoracic cage is  asoli (Spared with the load's 
oslenlated' for the’-spine i t s e l f r  yet i t  m %s on a Midi longer lever that*
tlse eroetof^epime* and i t  'has o .considerable extensor effect* fli© •. 
p all recpiireil by'the ereetor&ssp|iiaef ■ therefore, undergoes u 
jiroportio! * 1t? Itvrge redaction., oad decreases the magnitude of the 
calculated ■ pressure rise  in  the lumbar iBiervertebral discs* .
Reviemng • the csuoatioa of hexmoo of the anterior nbdooiaal 
m ill and of vl&cer&I prolapso iJavie (S.959b} found that the appearance 
trt theoo looiono was often'tmsoeiotod with heavy weight l i f t in g  but that 
diayhrojtiaiic herniation rarely arose £ro& ouch a c tiv ity . Ifliile 
.analysing 'the forces active in a oioog l i f t  Baris (1.959a) sold that 
there were two • cos^ >I©Kontg»ry tsachaaifitsu; in  action when large flex ion  
forces are reel®ted hy t.msau tswafes- the tseehanieol couple. famed by the 
apinal cefas* and ita  tansculeture* and -the pneunatio iscchftiiicss of 
ttt&scd preoouros in the trancol cavities*
•Becsm in  sp ite o i the sonstiog evidence of the positive
role of the • Iniro-oMeeiiml pressure in  relieving opinal e t e g ,
OppoGO-cl the Ho casiBiitoroci th a t the  observed
iacreai ou in  ac tiv ity  of the ,ere c to r  sgtisae s&tocloo m § x © h of the 
obdorzxnal w ait %-mm lilfo ly  to  increase the mg&iinm  o f apical atreass 
lie considered that eonitaettosx of iito oMe&imtl 1 lea and of the
diaphragm, with consequent r is e  in  the Jiitra-aBdoralnal p ressure, laust 
s ta b il is e  the thoracic  cage ag a in st the e x p re ss iv e  fo rce  o f contraction  
of latiissimus ilo rs i.
ffo rris , hucas end Bresler (J.9«i) calculated that, w ithout the? 
pneumatic mechanism, a compressive force of 2,071 pounds would be 
exerted on the f if th  tadiar dine in  a person performing &-stoop l i f t  
with 0 weight of 200 pounds • By talcing the pneumatic mechanism and 
"other fac to rs  in to  consideration they deduced that the actual pressure 
generated w ith in  the d isc  would bo i,%85 pounds ~ a reduction of 600 
pounds from the o rig in a l estim ate . This difference between the two 
calculated pressures was investigated  further by these workers.
' they monitored the iu ira - th o ra c ic  and intra-abdom inal' pressures 
By means of Mllocms and a t  the same time they measured the .e le c tro - 
i^fographic a c t iv i ty  of four se ts  of muscles! in te re o s ta ls ,  abdominal 
obliques, rec tu s abdominis and the deep booh muscles by means o f wire 
e lec tro d es* Their study provided fu rth e r  evidence th a t the  in tro -  
trsm cal pressure r is e s  provide s ig n if ic a n t support to  the spine.
They found that contraction o f the intercostal** and the raiiselos of • 
tlie sliouider girdle changed the mobile thoracic cage into a rig id  
structure suitable for the transmission of large- forces*. Cob traction 
o f  the diaphragm and the muscles of the abdominal wall has a sim ilar 
e ffe c t  on the abdomen. By f it t in g  th e ir . subjects with on in fla tab le  
corset they found t!m i the a c tiv ity  of the abdominal muscles was 
greatly reduced in  l i f t in g  a c t iv it ie s  -when the corset was in fla ted , 
although the pressure viiliiti the.abdomen remained high, filiey suggested 
that the pneumatic mechanism is  under reflex  control. They calculated  
that miring l if t in g  the pncumoiic .mechanism could relieve flic lumbo- 
cuettxl disc of about 50 percent and the loner tlioracic spine of about 
50 percent of the. stress that would otherwise effect them.
K c su lta n t o f  fo rces  j te r jic n d ia iln r  to  tlic  di.-l: U  '  M  1 (Q  "I ^  )  co -' n U '
M o m e n t o f  f o u r s  al»out llie  n u c leu s  jvjIjjosu. ' :
Ml I 1'|>S - -  Q  sin  « 1. I V sin  n li
S
l ’l‘ (  I 0  1
Mil n
K -  (QL I Vh) f (Q I V.) c o s1
fo r c e s  a n d  m o m e n t o f  fo rc e s  o f  t i e  loo,! {! , o f  th e  e rec to r  spir.ae m u sc les  31 an,! 
o f  th e  in tra -a b d o m in a l f a , , sure p . T h e  a, m s o f  th e  fo rc e s  are a (- L  s m  a ) ,  I a nd  
S ,  re sp e c tiv e ly . !■ is th e  s u e  o f  area o f  p. ( T h e  c o m p o n e n ts  o f  th e  u p p er  b o d y  v e i &ht 
a cting  p e rp en d icu la rly  to  th e  dish a n d  th e  t in  ' 1' cos « a n d  I sm  n r e sp e c tiv e ly ,  an  
trot m a r le d  in Ih 'c a m ) .
Force of
A b d .  press . ,F"p.
/ \  Q cos**. M, m u s c u l a r  force
F  “  area of abdominal cross-section, 
p -  abdominal  pressure.
Q cos a component of load.
V cos n r-~ component of upper  body weight.
IVIornont of fo rces  a b o u t  th e  n u c le u s  p u lp o sn s .
■ ■ B :
Fig. 2. (After Eic and Wehn 1962)
V Me m i  ¥eha (z| c )  osstlysoct ealeuli&ied the 'various? forces 
a c tin g  m  ilie S im  a f t e r  uoastsriog ittira-^b&ominaX jpvoBttaxes
iu  imo a th le te s  Soring weight l if t in g #  35iey m M  th a t  the re su lta n t 
Cprees perpesimetslar to  tlio S im  I s  the mm of the e t^o iseiiic  of the 
toad* the upper tio% weight u®& itie m acula?  force elm ts the fo rce  o f 
Isitra-aMcfeilsssil pressure givea by the  o n g m m im  (rm  Fig* 2)s
II ** (Ci 4* V*) cos u 4- M -  Wpi • where ft i s  the oagJe Of 'in c lin a tio n  of 
the tn g & f F Is  the area of oM ostnai cross section,, p the  uW m im l 
proosare* Q <job ft I s  His emapontfai of load anO V cos a is  the component 
Of the uppor ho% weight* Tmy fa rtIie r j>oiatoa out th a t the nuoculcr 
fo rm  atii the oMossiml.' ptfeBmrce a c t ixt the omso direeties*» clockwise 
u&eui the o s io , fhe s to m to  of the l.mtl tmS Urn t)g$or body a re  oppositely
in  si s ta tic  position the  sma of w a c a to  m a t he
sqro.
IS 4* *» Qa sin <$ 4 ¥h ela at where I  %& 13m tsna of lauocular
force* B the ane of force of the iutr^ohdcoim l, pressure* i* the arm of 
s sla  o asil h the ana of V siti .ft# fho pressure on the dice caa, .therefore* 
1>© g ivm  by t
Ti o ftl< * -Vi) - ~ S  4 ({> 4. v) cos a -  Up (f * i)
Bavfo (ff54t>) mi& tha t la  stoop l if t in g  the m ig h t mmris o flo ror 
norout oss the trunk which is  csmaieraoled by two rnochmiio^u*. His f i r s t  is  
iho op&ual e r io s s e r  couple co n s is tin g  o f ie u s lo a  in  th e  $>osi~veriebs>al 
ligmimt® m& contract!ag e re c to r cp im c on the one hasuVcmg au ocjtiol 
compressive foroo  in  the  v o rie tirs l h o lie s  mid iu te rv o r to h ra l d is c s  on 
. */» o i l  e;5 ant! the  aeeossd its tbo B atnnatlc  sKK&ani&o of the  abdomen.
Ihie to Iho f t e lo a  of tlio Imhor spine la  tlio stooping,posture tlio post 
vm m bm i oasoim  are lircmgltt closer to tlio opine ibereSy ro&teing tlio 
f f  f tiro  lever ossa of tlio ostoasor couple • Alorcvcr, tliic saechanicai
dioadvissitcige is  omaottoi -c ompensatedforVaoorreopcmding ia e m m  in  tlie
l& m m  mm. p i  i im  m m m n t ip  t&t&zm&fgu BBta p i M m i i m  m  r m m m &  i s  M m
sfaino-L
pm m  im& mmmgm ociiMsmsIly limmr0wfc -Hie -facfvcaaBv of *'•—
mdmmimn (Davie I f !%!>)» Pm%m$ stoop. Ilffelng #10 levs? .e«a or; x tdst
liie Iftisd esis  Is  about s is  ism s the leaglli of a s  la-;ei arc as fli©
®%iml p sm m m  m n p h 6 m  that Mm opii&l istseJon cmC Hcv-smic mnB 
fk s  I n t e t v w ie b r s l  d is c  o r e  s i  is m i  m i a l l o a  in  lias
ts s if iil#  ;r£i?i the ftmrk ©root* i l ls  c s  n r t c B s s  fo r c e  on t?;o 3 i v 4** * ’'trie 
I s  d ire c tly  ro ta ted  'to flic v »- ito$o of the v®tgktt I t  ^  b c tte*  
iv> y  s i t  a 5 lifting with Mm t r a &  w tm t m ilis r  thsm I11 s  © toepliig  
r;ss<!il'ia (Fsv.Br I f  IB}*
a (la  l) Hlrrrt. i ’;s sgBrni in  stoop IifIIi:t|| to
tlfei Of © JIB crass# Biffi urn taobil© {sy»™-# Tim mfe
vifMfslfifl tons! ©f a. iv'>5L?o cantilever caws.? varlm valla #1© *K;w? oV
verlle«ll.ly of Sis JIB* la lug Kuvi In the hm rlnm lixt and 12011I  In las .
#>
mvttcvit p u itto i*  f fe rv ;*  tk- ev is  on essential *i i  .M imm  
Mtmm tm  mmmimm# tskmo in ferrwe* iSs© jposmlto mokmiem prmi&m  
■additional anj^inri in  CDs * sins#
B a s is  f i e s t a )  cem rfcC  t V  con sen t o f  -Ofitail * c \5  r s m l y a i s t y  
Bi , B. ,,B * ' u ~ V ; .  loss i f  par:. ;aw 1 Is c  in  tot.; .MS'’ ! -ft Biis* ' 
iiirliig im id n m  palMng oof a Creep l is t in g  in  m m m l t: \lrv, ©&&
f  mates# CBiricjuftly femlos krt Bma ©noludod t a  such uiudiou.fso&ms 
ililo# Out ©f these three activities Be fcs&'k pui M a t; to Be? Iks fiarO \ C 
to  ooanssIIaB anf to oapm ter His hit >.re£ poocjurou* /m iB io re s iiso  
ss s  B iffO fssss waif eimm immlm. I u s o j I ^ ? r
fiM lilglisr prousuroo Uvai did tlio- mice*- lift iouml ■
first fcsstlo© stiimly .isilsnd ilio ir  Ie.iro-4BorofeIft' p rm m rm  im iim m  
imtMvitmPf s is  s !^ t  t h v  nsoS IBs dIaJiva;3i m  n %S« I%g
laiaels ca .m it: firm did IBs i >3loo#
Oilisr ifiyslnlegieal liasllscitions of '!!«? miliiri lstra*nB«!onIml 
|«xjssmv). a a r ia s  i&%*sical a o liv lfy  or© I s ie r f s r s n s s  m ili iMmi&r
w m e f m s t ,  return resulting i n  a vortobrnl v t m m r ?  slnmi (Bateau 19B0 # 
f m M r t a m  1921, P m r r m  1 9 5 7)* possible e e m r e m l e a  of ifeo spinal 
dura;'mater resulting III a cephalic f l m i  of corofero-opissal I'ltiid {fleital 
19’ %)f u:iO rhoro r ises  In prcsoure occur both in  thorn:: oiid abdomen
& m M coi eordiiis output restiliiiri in. rapid acquisition of an eriygan 
debt*-
Mgfet r * 'outiodje 1192%) Invoatlgotod changes In tlio in tra^  
Qbtlontel pressure in  f if ty  pro^operative patioato by soass of q 
ifoetal ball'ooa in Valsalva m roanvrot. eoBgliiug, voiding otic! weight 
lifting*  liiey found greater pressure rises in  Valsalva mnomxnxt tmS 
coughing os ©o-spared to  weight lifting*  Bliey fonscl a tendency for 
Mgbor pressure during coughing ia  older patients? and during Valsalva 
ismoouvre In yousigor ones* *bey» tljoroforo, consider chrome consisting 
as a bigger hassard ift p s t^ o p ra tiv e  m m gem nt,
fCodclio and Ifeil (if>a?)* conoo-mcd with tlio healing of alidculaal . 
operation wounds, investigated IntmmMoiiiiBal pseestzroo In pro- 
operaiiv© hospital patiouio and dotooS .iant eotigtiing and straining 
go&orot© greater pressures? Qiao m o d e m t o  lifting* Kiey felt that It 
was aoro dnportr-nt that or * nr and otrainljsg be avoided la  the post­
operative norloi M m n  that patients should avoid m t k s m t o  lifting 
activities*-',;- -
Bcsvia, froup and Vhitney (19&*) using 0  fence x>lGif©m in  
conjunction with the pressure mmmr^M)nta established the correlation 
between'the trash s tm m m  and iiis Iserecr’eO isim m M ociiiial p^ssura? 
Hie m zm l& tim  coefficient feeing -G*78. Based on th is enpomnenisil 
evidence they suggested tiiat tfee into-ebdeniuai pressure cmrgec nay 
fee regarded as a' guide to the trw&. £ c ? ”, one "* as an Indirect 
fOB2 -of &tmm msommmrmtm
Asmssen axil FaalGea (19'^)* timm/er, In  th e ir  e:q>erIimsittJ tilth  
•gyo eubj-Gctc lidd ing  weights In  a Ay dagrooc £0£«orO2y inclined  s t a t i c
postora t4tt? s t  a backs f m t looted baol^arcl Directed pul! o£ tee
erector apinae califcxtifco&'taem peak voltages/, of eloeiimyogi'e.'S
£i*n B%* lit Bar ooctim  of l!Brs «\n cl© oaO recorded th e ir  in tm * 
ahdcaiaat ps\-» l^ s  i f  Kocms of gastric balloons inserted throisgti the 
ncctrlX* Bl&y cpMivmii .that tlia iuscIc pall oserteet fey Ijggu m^oloe 
was' less tbaa wliat' should be expected - tma  .if 10 lead mad th e ' angle of 
body t i l t*  fu rther the ■_ jn*ess»sre m m  proportionally
to  tlio load bat the fa r smaller them the prossaroa
r,io;io:ire;1 Igr .other workers, Davis {1950,105?), .-T&rieXiek (1957) f Hcsr&c, 
!:aoao oat! nroalos? (1901), SHo and XMm (100&)* fluey alec noised th e ir  
ceshjecis to':|5orfom the valsalva 'u&noein*re*-ua& observed en Increase 
i a  electros^rographle ac tiv ity  la  the erector'''spiuae, ■ ftex th is  IneV ^ a *. 
evidence tliqy Dave eugaleed. tha t 'the fo ittb ^d m iiie l pressure does not 
■t> « t  ©roetor - sjifoae* I f  i t  is  not the intra^-abdomml pressure * they 
wont o%. i t  oay ho- tlio outstretched mmulus fibroses which ' renders tlio 
apiuo uorc .'resisieni to  fleeing forces* and thus reducing the requires. 
nmcolar pall -greatly*
A Ilenes have to  rosicft-torsional,;. shearing ani ax ia l Btrm&o®
. 'a ris ing  ir m  g ra v ita tio n a l 'a  k  u i cu la r origins*';’' l lio ir  a b i l i ty  to  
" r e s is t  and endure 'such ■’s tre sse s  iias in sp ired  the intoroot-'-of cunts 
orthopaedic surgeons, m ech&iicd; engineers --and bitmechanistsAforlmaiiy 
years sad a  considerable number of ••these have concerned' themselves 
with sp in a l. mechanisms. •
Eaay experimental s tud ies and s tre s s  ca lcu la tio n s have. boon . 
made of the opine under various 'conditions of load* I t  has beea . 
calcu lated  by Bradford, and Sporting .(1945)- th a t in  a stoop l i f t  of 
10o lb* .with ou tstretched  arms the Itrabosacral /d ine bat! Ly inference 
■ tlio -adjoining v erteb ra l bodies.- say be- subjected to  'a-eo p re ss iv c . 
pressure of 1600 %b/&q*tn* E o rris , Lucas • mid B resler -(10G1) have 
estim ated a .coapressivo -pressure of 2,071 lbs/sq*in* m . the -ludbo? 
vertebrae fo r  © - l i f t  o f .BOO. lb* In cc^ipressibn <*xpprimnts perforood . 
by Virgin (1951), 1-Erseh' (1951), Brown, Hansen ami Yorra (1957), Barely, 
L issncr, Fehsier and Ourd j i e a ' (1958) * -Boaf. (1960)$ Hie (i960) mm ,
Smith (1909) the v e rteb ra l rbodies - o r th e i r  end p la te s  fa ile d  a t  pressures 
lower than those values calc 1 c*J - to  • occur" daring • l i f e  vhJLle rm rioiofng 
weight lif tin g # :’- This diecrepm ey 1ms been .accounted - fo r  in  pavt by 
fa i lu re  in  take account of increases in  intra-abdom inal pressure  v/Mcti 
have been- observed by • mmy authors (see Beet# 4 ) .  I t  nay a lso  be 
accounted fo r  p a rtly  i f  the hypothesis of hydraulic strengifotening ®£ ~ ■
banes, as suggested by Frost (196$) anti Belliersmi and Johann (1955), 
ie . correct# / ■ .
m p m im is  of -iismoiiic srtMkfmBiks of bodes? i  
• . . Accosting- to  F rost (1664), since the vascalar.-ehauaols o f :the- 
cortex  a re  minute, tortuous cud f i l l e d  w ith:viscous g e l, the marrow 
.content eassadt e a s ily  escape. from .'the ;m n w  space through them i f
mtbjocfocl to  pressure*, In  .tlio -ease of a v e rteb ra l Im lj m  Co. vt v< seloa 
Iho side xml Is  w ill ' tend, to  bulge out due to  the tydroulic  pressure e ffe c t 
td ih ln  the fluid-eerrow  Imt the pressure across the ttppor and lancsr 
eurfeces w ill ho equal and' no tlcfdstdty. w ill ensue, "lie fu r th e r  
suggested th a t the internal hydm nlie  e f fe c t  can bo wanilosiod o ficc tlv o ly  
only i f : £l>o loads are e i th e r brief: o r b r ie f  am! c y c lic  bee ^ of t i e  .'.
■ composite f l m 'p ro p erties  of the narrow and vascular channel s o f t  tissues*  
■th&ar-short lived compression they cannot ;iTow out but cm  do so' usuor •• 
protommt! cosmressloa*-..; : • ; . f; : w
- lleHsereen and AMmoz. (1965) observed- th a t  on ■ con traction  of the 
., pvprlyifig muscles. both the ear row- pressure ad l ilic; blooo-flcn? in  th e .. 
fOBtir of a c a t considerably •increased theaglr the  general blood-pressure . 
regained constants that- tbc^blood-flow in.-.bone .passively r e f le c ts  the 
blootVflow* i n ' 'tlio overlying m so le  was a lso  pointed oat by Ucriterson, 
Scales and Gordon .(1961).. Occlusion o f ; the femoral a rie sy  re s u l ts  in  . 
a  considerable decrease both in. Mood-f low. and in  lanrrotr pressure  
(llorsig and. Foot,. 1950;' Shaw$ 1003; UoVhormn anti Jubass, 10G0)* fklD 
■reduction vus found ---to lie, progi*essiveiM ,tli''the height of the s i t e  of 
occlusion above' fciaoral level* . one I t 'w a s-e sse n tia l to  block the a o rta  .
-at t i e  level of tlio renal -artery to  reduce the blood-flew and t ie  
narrow pressure--to se ra  (lleBierson and .Jub&ss, ■ 1065)« Azoma (: 
a lso  fcKisd s io i la r  re s u l ts  la  rabbits*, lie s ta te s  th a t re lease  of tlio . gf''., 
c irc u la tio n  resto red  the original.' condition* , Further § lie fo u n d 'th a t - 
prolonged a o rtic  'occlusion  was. accompanied i n i t i a l l y  by. a  ..steadily 
declin ing  iniraosscous p ressu re , b u t- th a t a f t e r  about five  o lm to s  
the tioroal value was regained# Fc; hereon acul Juhass (1905),' and Bhar . 
(1903,b)* found th a t occlusion of the  fekoral one! H im  vo iua, o r of '.• 
the  in fe r io r  vena cava, re sa l * ,n ea ever .increasing  r is e  in  th e  
blood**flesx one the..cmrrow;.pressures w ith in  tlio femora of cats*  -In - .,'
rabbits also occlusion of tlio femoral w in  ..op the inguinal - leve l 
resulted in 'a n  immediate. increase i n ,iniraoseeo'us .pressure ■which:was. ■
' reversed v/hcn • occlusion^ discontinued • (Asum» iOGi)# These e ffe c ts  of 
vesse l occlusion and muscle .’contraction''led ffeFhersoa and uuhass .
, (1905) ■ to suggest - the. hypothesis'. that the 'bones may be considerably 
strengthened hyd rau lica lly  by the: iutramodullaxy flu id , pressure* '. ■ 
and that in  l i f e  th eir  resistance' to stress i s  therefore' -greater • • 
than th a t shown in  v itr o * .They'suggested, as an example* that if. 
the  thigh muscles suddenly .c o n tra c t,in  jumping o ff a wall* the blood 
. .within the. muscles w ill  be forced-' into' th e . bone • anil:the morrow ' 
pressure, w ill be increased considerably; a t  the sane time''th e '..single. 
muscle contraction:?;! 11 dr.eXtrict venous outflow from the bone#
Thus the "femora would - be;• strengthened Jbydraulically and would, be 
more capable of r e s is t in g  the stresses exerted on them on landing#
. The' hydraulic' -strengthening of a tra 'te eu la r bone was investiga ted ; 
..by Swanson and Freeman (1965)* by f i l l i n g  .the -proximal one th ird  of & 
'dried  and defatted  femur with grease to  sim ulate the normal marrow' 
content ,of f a t  -ce lls . They did not consider th a t  the- blood in  the, 
marrow might have, a - possible- rale to play i a /such a phenomenon. They 
measured th e  change in  • the internal volume of the upper end of the 
f  emur produced by a s t a t i c . load and also  studied changes occurring  - - 
during, .cyclical dynamic loading. The loads were applied to' the head 
of the. femur by moans of a hydraulic jack through a rubber lined  , 
spherical cup resembling the • acetabulum* -. The value of th e 'ap p lied  
.-load was. recorded’ by. a. straia-gaage load c e l l  placed between - the jack  - 
and the cup. - The s tra in  in  the circumference .of; the bead was measured 
by means, of wire resistance strain-gauges • 'CJader s t a t i c  leading of 
;SOD Kgf they found th a t: 'the 'reduction in- volume was from 0.053 to  0.07 ml 
• which i s  approximately one: hundredth of the volume of the blood normally 
p resen t in  th a t p a rt-o f the bone. Thus they concluded’th a t s ta tic - lo a d s
eg tH e magnitude art) only capable,.of a  yory small mount of " cti&proscioa ' 
mF Jm t th is  eorprooslon. in  insufficient for lydraulic load, carriage* 
avji? ly* blioy could find no evidence of t^drcmlie support rmUnr dynamic . 
conditions. Although ib is  investigation is  -oo&kS. i t m  the engineering 
■ y: hi* of view*, the osperisonts took no. ..epgnisaaeo of change in-morrow - 
p*OBOiirevcad osseous blood flow' resisting  from .contraction of'tlio ■ 
■ovdrlying mseles* , die ean also c r itic ise  th e ir :results on the .grt, —
" th a t they only, checked .th a t the' grease bad f i l l e d  the sm aller spaces ' 
in  the. Bono a f te r  canrying. out th e ir  te s ts *  ond.'tt/nay Bo ..'•that emiyrQonim. 
during *'hc t e s t  was I n  f a c t  completely f i l l i n g  iko f in e r  spaces. ■
iiajvyinsiMies w imm-im trie vM'mi -: ■ - ,
■ A close s^lationsMp between the ' cit^alu tioa In  bone' m il in  Bobo i f  
.-mrrotr liss . noon, ostablishod 'by Bromm^k (1061) i i o  cosipared changes in 
cortical and ••Dcd.ul.tay eaglllary blood flows*' The studies of Faaaoote* .
1' 2D| 'Cabia and 10S7 & 10281 Foa* 104,**; Fo.u?* 1040*- show ttsufc in
Dpi to-of the-diverse tiis&rilkition of IFo .Eiorrev. in  d ifferent b s io s .o f  
the i t s  behaviour and physiology i s  essen tially  similar* so maeii '.
: so th a t observe \ i mi marrow in  am  boa© is  valid for th e  marrow of my . 
"other bone.; . a-
jinusoids*. the functioning vascu lar u n it of -the h&no any
bo Lena/OBalfor ;.'spindle ■shaped. . More than'-one ..venule drains hesagenal 
Gin:coxcs| the bioed stream en tering  a  .hexagonal sinusoid does no t 
•divide* but th e  whole stream w hirls in  e ith e r  a eloc&dno o r .m b i-  
cicclsriee.' d irec tio n  cad ;m y r o ta te  in ; a  f u l l  c ir c le  before being drained, 
off# '. -Sog&titaes the spindle shaped sinusoids hmc -two o u tle ts  and 
occasionally  the 'drainage .•through'one"is cc and in to ^ i l t tc n t  ■
through the. o.Hior# ike- duration o f ;stoppage Ic ing  2 t o :S t i f a te n  a t  a. 
tin© between longer periods of flow* - I t  sem e l ib e ly f  jth a i tboro i s  
Sffio mrpholO£ci^ul'clovice .which, regu la tes such on organised 'blood-ficft* •
Sinusoids • show- a  action  with n l tw is t in g  d i la t f m. cm  c p ^ C o
The Y ' sc c * «li t io n  'usually  la s ts  i  to  '2 isisutes* mil then flow slows 
Hcmi or even ceases;'the 'em pty ing  phase i s  somewhat shorter-, in  duration* 
Foa (1948) measured the- changes in -th e  bone m rrow voteia  cM  p:\npo,’Of ' 
th a t  the bom uzrrovr c irc u la tio n  might he regulated by sphincters* 
ftittosita  at. a l  '.C-1966*. a) observed th a t  • the  in le t  and o u tle t flow of tlio ■ 
sinmeoido vac.". regulated by 'cytoplasmic pm cm sag .'of the endo the lia l •' 
ce lls*  They-also' found' th a t the c o lle c tin g  venules emptying the - sinusoid® 
were co n tra c tile  *. ilms regu la ting  the - blood-flew* . C apillary  .blood flow 
.'■could "be regulated by. spM nctcric c e l ls  in  the a rte rio le s*  flias too 
rioclionisia .a re’ possible- in' regu lating  tlio -isicrocirculatioa of the icarra-:/ /  
•vascular-bed; f i r s t*  a d ir e c t  action  of the  sphincters., in  Z ti -C> *>w5vSi asoido* ;;. 
second th e -e ffec t of pressure changes i n ' the venules#- ■
Bone marrow has generally, been regarded as a- closed cav ity  v , tu  
constant environmental conditions*;'.'. However, the in f  oruation about the 
• >lta i©]ullery..p3re0Suro;.doeQ not lend i t s  support to  th is  ihooty and 
suggests th a t i t  should" ra th e r ' be considered a semieiosed cav ity  
. (.BiTdiomark* 1961)# During normal a c t iv i t ie s ' the in trm ed u IJc iy  rwcrcaros 
vary 'appreciably  and' are  a ffec ted  passively  by e ^ m in  ill© .y€r*:r“~ 
pressure  -.resulting from these a c t iv i t ie s  (X-etralcic* 1054; ifellteroon cad ; 
©olmsR* 1965)*-': .Occlusion, experiments have demonstrated th a t the txmior** 
presslire i s ' : d ire c tly  and profoundly a ffec ted  by in te rru p tio n  o f th e  blood-* 
flow in  the vesse ls (Show* 1900j Asama*' 1064; McPherson and' «?a!3008* 1905)« 
I t  i s  therefor© c lea r th a t  .in tra^acdullary  pressure -changes ..are c ro ssly  
dependent on the volume of. blood w ithin tlio mmrmt cavity* .However*■ 
a l l  these experiments were performed under re s tin g  ■ conditions «-.■ find no 
observations have been mdo in  dynamic■s iin a tia a s
Brookes* Elian* Harrison-am! Hoalil (1901) studied the micro-* 
c irc u la tio n  - of tlio bone cortex  by in jec tin g  9*l£ sa l ic y lic  acid* 0*5-4 .
•procaine , and 2$ urea end an equal • volume of hypaque in to  the centre  
of ike acromion. process in  liv in g  subjects cad-cadavora# The path 
followed by the. in je c tio n  m aterial was 'generally  from the o r if ic e  of 
.the -needle cannula in to  the periosteum # and from here in to  ■ the' i n te r -  -- /  
fa sc ic u la r  'space's of adjoining muscles♦ Thus they  found a -c en trifu g a l 
flow- of theblood-from  bone#- These authors have r e je c te d th e  .previous.. - 
assumption. - th a t blood from .the periosteum and the medulla - accmanlateo ■ 
in  the c o rtic a l vascular bod# I f  th is  was true  the blood w ill  be 
tra v e llin g  ..centripetally  from the periosteum -and cen trifu g a l!y  from 
• the marrow#.: Brookes and Harrison (1957) and Brookes (1958a and b;'- 1960a 
b) by means of haemodynamic experiments and mierorarliogr&phic -analysis j  
have', demonstrated in  man and other mammals th a t p e rio s tea l blood does ' 
not pass c e n tr ip e ta lly  in to  the cortex# They suggest th a t  a r te r ia l . ' 
blood i s  carried  to  the compaciuni /by the medullajy a r te r ia l  system* 
composed. • of anastomosing branches of -the i>rincipal n u trie n t a rte sy  and '; 
the a r te r ie s ’ supplying the bone extrem ities# The bone blood-flow • in  tho 
cortex i s  cen trifuga l from the marrow -a r te ria l system in to  the  c o r t i c a l / ' 
c a p illa ry  - taesh'-f x*om where - i t  -passes into'. the veins' of the p e rio s te a l 
membrane - and the in te r fa sc ic u la r  vesse ls of the attached muscles*
Tims * -while, much is'Imotsn .of the vascular occurences in  bone 
under resting conditions* l i t t l e  i s  .known - o f the feffecis -of. dynamic 
s ituations*
THE COBB 0L OF B1/)0I>-FL0T .IN BOMB AT-iD BQHB.iidllBCJT
mmms 'vmmoh :
The nervous contro l o f blood flow in-bone marrow has been 
"investigated by a number of workers' by stimulating e le c tr ic a l ly  the. 
nerves supplying the . v esse ls entering the re levan t bone and observing 
' either the blood out -flow or - the narrow pressure# In general such 
e le c tr ic a l  stim uli cause a vasoconstrictor - response’ resulting in
- reduced- outflow of - blood..and - increased m r  row pressures# , Drinker cad 
Drinker (1916) investigated, the neural con tro l o f the marrow, vesse ls  
in  th e-tib ia  of the'dog# They found that the sympathetic nerve supply 
lias a 'v aso co n stric to r function'because the; e le c tr ic a l  stim uli se rv e 'to  
reduce-the .blood flow which he-measured',by counting drops a t  th e  out , . 
flow# ■
: Herzig 'md'- Boot (1959) found th a t s tim u la tio n . of the  cu t d is ta l  
end of e ith e r  vagus reduced both the systemic and/femuirintramedullary- 
pressure of a -'‘ca t# ' .Fhile stimulating vagus, nerves; in  the-neck of - 
nahbits*Shiin. and Patterson  (1967) obtained sim ila r re s u lts  for. systemic 
blood, pressure and .humeral. intram edullary pressures# When Hersig cad , 
Boot .(1959) stim ulated the cut d is ta l, end of. the. splanchnic nerve in . 
the c a t they found.a..rise, in  system ic'pressure and- a f a l l  in  femoral . 
marrow -pressure* Further they observed th a t uni la te ra l  denervation of 
th e  blood vessels supplying' the .femur of a decerebrate c a t resu lted  
in  a  r is e  in  marrow pressure' ae compared with, th a t  in  the c o n tra la te ra l 
irmbrvaied femur* .
: Ilerzig and. Boot (1959) found that Stimulation of the periphera l 
end of the abdominal "sympathetic trunk -produced a drop in  femoral 
marrow pressure* Azumu (19G4-); also found that the stim ulation- of 
the. cu t dorsal end of 'the abdominal sympathetictrtaak: in  a ra b b it ' 
.produced a rapid.' f a l l  in  -the. intraosseous pressure without. oeqt - 
■ accompanying change in  the systemic blood pressure*.. Azuma (1964)
-and Skim -and Patterson (1967) stim ulated the in ta c t  sympathetic trm ik 
in .a  .rabbit and'both.recorded a r ise  .in the systemic blood pressure#
The • in traosseuus• pressure i s  reported by Azusa t o '/ r i s e  i n i t i a l l y  
in.,coi2pany.:Vdti2 the systemic, pressure before declin ing  and reaching a 
le v e l : below th a t of 'the. control* whereas ..Skim -and Patterson only reported  
a decline in  the humerus'bloed-flow*'
'. Shaw (iQOSjhi and McPherson and Juhasz (1905) have re p o r te d 'th a t 
.supramaximal -stimulation. o f . the peripheral cut -ends of the i p s i la i e r a l  "
femoral .md • sciatic" nerves- did not have any- e ffe c t on bone marrow-.blood • 
flow c «~rrov/ pressure* - - However* Agom (1964). found while s tio a la tin g  
.the cuo ix sta l end' of: the-femoral nerve - in . a rabbit, that .there'- was a 
.rapid f a l l  in  femoral intraosseeus' pressure'' after' stimulation ukieh 
:returned only gradually to ' the control level# Shaw .{1063*1>) found;that 
the c u t ' proximal' end of these, nerves caused--an.;.increase. in' - the marrow 
pressure and blood-flow corresponding to  r is e  -in  the* a r te r ia l . blood- 
pressure* • However, McPherson and Julias s (l9Gl) • did not find  any such, 
e ffect*  ' Stim ulation o f .the in ta c t  femoral and. s c ia t ic  nerves resulted- ■ 
in  .a r is e  in.system ic blood, pressure and intraosseeus pressure both in  
the femur and. the- t ib ia  .of the rab b it (Azusa, -1964) * - Further lie 
found. th a t i n  the t ib ia  the intraosseous pressure returned to  the  
o rig in a l level without a  negative phase# However in  the femur the ,
.r ise  was; immediately followed by a  deep and a long la s tin g  negative 
phase associated with a f a l l  in  the p u lsa ti le  wave amplitude before i t  
was'-restored to the control level # ; Hone. of these authors made any 
comment about the' nature •or/degree o f  muscle 'contraction occurring 
during.'such nerve'stim ulations#
Emxmm,'cmrnoh...'/ -//--;-
Most- workers have -demonstrated that.adrenaline causes a drop in
- bloocVflew-in. the- bone-marrow, reduction’.in  marrow pressure, :m d  mi 
increase, in  .systemic blood/pressure# . Drinker and Drinker (lOiG). wore 
the f i r s t '  to show th a t'th e ,, in jec tio n  of adrenaline - into the n u tr ie n t
- artery- of the t ib ia  o f  a dog resulted inintram edullaiy vasoconstriction* 
;an .observation oonfimod- isy-Braaemark (1961)* ; A marked reduction in ' 
blood, flow rate- through the marrow, due t o . adrenaline and noradrenaline
. was' a lso  - observed by Camming' (1962),. Brown—Grant and .tensing (1062) . 
and Siim’and Patterson  (1967)*-- Ileraig and Hoot (1959) found th a t 
intravenous in je c tio n  of these drugs in  eats reduced /the marrow pressure
but increased the systemic a r te r ia l  p ressu re . Mlc!ie 1 sen (1907) a lso  found, 
a reduction in  intram edullary venous pressure with disappearance of 
pu lsa tions.
S to r (I963*b)* McPherson and-Julias z (1965)"and Asuma- (1904) found; 
th a t adrenaline bydrGchlosjjo in  cats and ra b b its  produced a 't r a n s ie n t  . 
r i s e  in  siarrovr pressure and marrow blood-flow which was xulj ear a  *^0 jy  
followed by a f a l l .
Shaw (19035b) * Asuma (1964) and McPherson and Julias s (1965). found 
•that an in je c tio n  of acetylcholine produced vasodila tion  in  the-over­
ly ing  muscles and a"marked .drop in  eysiemic 'blood p ressure 'w ith  -a-.
. concomitant reduction in  raarrow-pressure and blood-flew. Miclielsen 
.(190?) found m  i n i t i a l  r is e  in  the iatra-aed.ull&sy venous pressure before ’ 
a. f a l l  in  .the a r te r ia l  blood pressure with a corresponding f a l l  in  
'intramedullaxy venous p ressure .
N icotinic acid produced a  tsarked and prolonged d ila tio n  (5 to  
18 minutes) of the sinusoids with stoppage of .blood flow in  then 
(Branenark 1961)« Hista&ine acid phosphate was found to cause an 
i n i t i a l  decrease followed, by a sustained increase in  bone-marrow blood- 
flow, bone-marrow pressure and muscle blood flow by McPherson c t  &X 
(1901) and Shaw (1903*13). They also' .found that p i tu i t r in  produced a ' 
narked and sustained r is e  in  a r te r ia l  blood-pressure and a drop in  boao . 
blood-flow and marrow-pressure which la s ted  as. long as the a r te r ia l  .• 
■pressure* Ifexamethoniantbroaide caused the  bone-marrow blood-flow and 
the tiarrow-pressare to  decrease, th is  being followed by & gradual 
f a l l  in  the muscle Mood flow la s tin g  fo r  h a lf  an hour. • Further they 
•reported th a t P riseo l (Tolassoline- hydrochloride) - caused a  f a l l  in  the 
bone blood-flow and m rrow -pressure which lasted  fo r five  minutes before 
.return ing  to  normal. - .McPherson and tfuhasz. (1985) have found th a t 5-II.T. • 
'and'bradyldnin also reduce'';Harrow-pressure and. blood flow.
Asuan (m m ) found th a t  an intravenous in je c tio n  of atropine ; 
increased 1 S l ig h t ly  both'-the systemic blood pressure and the  intr&ossoous
pressure was more, pronounced* \
EPEBUS CF IIBMBOLITES; ' . . '
Camming (1002) made eleven rab b its  rebreatlie 'aspired a i r .
.lie found th a t in  e igh t of these the ra te  of blood flow through - the 
bone - marrow increased and in  the o ther th ree  c ircu la to ry  fa ilu re  
occurred. He'observed th a t the systemic 'Mood press ore rose before 
increase in  marrow blood-flew .and was not d ire c tly  re la ted  t o . i t .
He found th a t the-'blood flow througlr the  ■ morroT? increased up to  20 pe 
cent without.soy appreciable corresponding increase in  the syntonic 
blood, pressure. . lie 'subjected rabb its  to hypoxia and lypei’enpnia • 
separately: and.noted th a t  there was an increase in  the rate of bono- 
marrow blood-f low. in'response to', both these stim uli• Howevos', gV' 
i n .spinal preparations th e re :was no response to hypoxia or hypeicxtphi 
a f te r  d iv ision  ox the cord though in  one animal s lig h t increase was 
noticed during lypercapnia...;- ^ystemia hypoxia and IiypereBpnia ;• 
increase the bone bloocWloW despite a s lig h t f a l l  in  th e ' systemic 
h lood-prossure and Fatierson , 1907).,
sm m h i m m m
Appraisal of tlio l i te ra tu r e  shows th a t  sp ina l moMXity i s
determined by tm  p rincipal' factors#  She forsa of the apophyseal 
jo in ts  con tro ls the- direction- of any mpvemnt hotween two YBrtdhmot 
m i  'the magnitude of m y  such v&v&actot i s  regulated by the fora of 
the ■ in to rvorte ljro l discs*
■ Measurements of tlio rxagai tiidc and d irec tio n  of m vesea t in  the 
d iffe re n t rogioas of the spine hare boon studied both in  th e •liv in g  
and i n .preparations of dead m to r i a l .  In  the l a t t e r  cose* the m ajority  
of observations Iiove boon made on fresh  post mortem m ate ria l, although 
Brno workers have used specimens a f te r  chemical p reservation  or 
a f te r  deep freez in g , Since eheaioaX'preseinfatioB generally  a l t e r s  the 
plgysieal p roperties o f efeeletaX m ate ria ls , only lim ited  cognisance 
can be taken of xmtk m  preserved specimens« Deep freezing , liouevor* 
does no t a l t e r  the physical p roperties o f bone (Evans* 1957l Scdlia  
and Ilirseh , £$G6)f the anmiltis fihrosits of the dice (llirseli'and <3a Xante, 
.'%9^ 7t Clalante* 19-57) t and the ligaments iM m  (Akerblom, 1948).
Studies in  osieoligaucatous m ateria l Imvo generally  been mode on 
specimens in  tniicli a l l  lausclec -have boon removed on& the r ib s  c a t beyond 
th e i r  angles# fhe movements a re  tbon measured a f te r  clamping one o r 
both.-ends of ike. preparation  and moving e ith e r  the tiio lc  column a s .a  
u n i t  or each jo in t  separately* Move.one in  such specinona has boon 
measured e i th e r  by bbsorving the behaviour of marker pins firm ly 
in se rted  in to  the  vertebrae concerned, o r by comparing radiographs 
o f .tlio preparations taken in  various positions.,; Ileasnremonts -obtained 
from ootoo-ligamontoas preparations are  sore  accurate than those from 
the liv in g ,. bu t fiavo serious <% *u «. < « Tho saesFianieal fo rces applied
to  b ring .about a given motion m i l  c le a rly  he d is tr ib u te d  in  the elements 
o f . Miq p reparation  in  a m anor d if fe re n t from those la  the liv in g  bock
under muscular con tro l. Further the e ffe c t of the body weight is  
elim inated, and removal of the a rtic u la te d  thoracic  skeleton provides 
a g rea te r freedom of movement than in  the liv in g .
In the liv in g  the most popular method of measuring the range 
of movement has been radiography, This method e sse n tia lly  consists 
of taking an te ro -p o ste rio r or la te r a l  radiographs^ before and a f te r  
a c e r ta in  movement and, by conx>arison, increasing the change in  
re la tiv e  positions of the re levan t verteb rae . External methods of 
measurement have a lso  been employed by a number of authors • A ltogether 
four such methods have appeared in  the l i te r a tu r e  t f i r s t ,  measurement 
of the change of d istance between p a irs  of spinous processes during 
s a g i t ta l  movement (K eller 1924); secondly, measurement of changes in  
angle between external pin markers strapped perpendicularly  to the 
skin over the spinous processes; th ird ly ; estim ation of the combined 
s a g i t ta l  movement of the trunk and hips from 'measurements of the angles 
between the thorax and the femora a t  extremes of flex ion  and extension, 
the amplitudes of specia l movement being obtained by substracting  the 
amount of hip movement from the to ta l  amplitude? and fo u rth ly , by 
measuring the displacement of Stcinmann pins in serted  in to  the spinbus 
processes*
H either the study of the osteo-ligamenious preparations nor of 
the liv in g  provide an abso lu te ly  p recise  measure of complex sp inal 
movements, nevertheless, both are  of g rea t value.
‘ O T I O M  O F  F O Y S P . M T
■ I t  i s  clear th a t 'there - a reH is. possible typos of .uoveomii a t  a  
given ia to rv c r te b ra i■ jo in t, these'-being rotation about cad translation 
■.. along each of the s a g i t ta l , ' v e rtica l, and coronal axes* Him degree M  
which sach.-EJOves^ats' can oceiir is  liiaitecl by th e  complex interaction o£ 
....the v e rte b ra l Gs^ticulatioiis, tlio opiiml ligamonts, the in to n e  rie  oral 
discs sad th e  sp in a l•' musculature*
■The greatest, amount'd£ movement i s  ; normally ro ta tio n  about a y  
coronal a x is , , th a t i s  f lex io n  and extension* • Botatioa about .the  
-.sagittal' a x is , namely la te r a l  flexion*,can -also-be extensive b a t ' i s  
usually le s s  than sa g it ta l' .movement* • Axial 'ro ta tio n  about .aTrvertical, 
ax is  appears to ' be highly : lim ited at most v e rte b ra l le v e ls , although - 
. a  large  amplitude .of ax ia l ro ta tio a  occurs, at • the a tlau to-asia l • jo in t*  
Translationalong ilsfi V sa g itta l axis causing auiero-iposterior 
dioplcceneut of vertebrae' upon each other i s  U nited* T ransla tion  
■ along .th e : coronal ax is w ill mess la te ra l  displacement of the vertebra®.
- vhiob I s  a lso  extremely lim ited * ' T ranslation  along a v e rtica l, ax is  
■represents v e r tic a l dioploccisonl* siaciely ecoprossioa m i  d is tra c tio n  
no ^ of the opine trltich• ara-extremely. lim ited*
~c~< li«s'. {!&*$) doaertbecl tlio varying d irec tio n s in  which the  
v e rte b ra l apophyses lie*  p .Winslow (17.30) - gave a& elaborate: d e sc rip tio n  
of- the  apophyseal face ts  of th e  .vertebras .and' discussed th e i r  changing 
contact areas daring sp in a l - movements*
.-. (luferin (187?) described 'four centres of la te ra l- in c lin a tio n  in  
th e  human spine; a tla n ta -o c c ip ita l*  ecrvico-dorsal* dorse-lum bar,' and 
■ lunbo-sacrali end gave an e laborate  descrip tion  • of the p a rt played by 
. tlio- a r t ic u la r  and muscular oysteo during these movements* P ielr ( iO ll)
ooufisnod tlio :i0»tdstJ.aa of Itraplss^ #a$ atMed tfist ravic'tats m ill cos fro^ 
■mtvi&G tlio m elo i are sc&fcrccd ih^Biiitsle «iie to  the r v t ’e t e  of -tlio 
iatoi^o2? to to l dioes oiii srtlmilGr processes*
•Mitam* 1$3S» tossd tboi the eoiitro of # o sitio l novcruat between 
. tao to& ar vcvtotmie is  loco toil ia  ilus isuelcus imliKmia*. although tlio esss 
ehaisgsd dttrisig sa g itta l m^mmrk} a r t  miazo+poafai'iop BltmmsQ m vm m t 
mvmtmoi between imirs o* vortob&ii -tm&ioa* time -(1935)' oloo bqJUI 
■that &» ftoidoa ilior© to flig h t foinxirt! displacement of tlio upper 
vertebrae cm. the Xmrer ose* and tha t th is  tv- revereeel its oviomtoa*
Mxmm! (XS09.)v 'however* disagreed tiitli D it to s  (i93i) snd Hties
Clfl55) fhat darin;; f  l a  riots cmd -cu to* tlio vertebrae ore displaced
fdWlJSrd or respectively* HO M m $ ll  t in t  'the spine  ^had got a large
smrihar of Mot tod universal Jo ists y$Mi .tfctf pmlmm palpoona soling Hire 
o ball bearing. Aoeoisiiiog to DJusri! there £o no single contstt of tiioil-OB 
its tha spinel Imioscl there  o re  several*. f : -
Xh Mo racliologioal study of' the Xmioi? liEimr jfointo i s  tu u ii /  m tm t
s i d i s  before and sties? flostcm of tho -apise OimitaittO (19%%) cousin led ■
th a t.Is  nc&iitoa to forward displace m of tlio ussor yortohra.^mSag .
3Lc sol the melons also oaves forward .2.11 relation  to louor vertebra.
*Yar*:-($3;.v) has silimin by sBperts^sesl H**rsy ftliao that the contra of 
motion lii iha sag itta l piano £& anterior to Urn s rtlcu lo r facets In 
the feshor rogiOB*
l4Jvott (1<KK>) eiadidi nortnol spinal dovooouIg in relation to. 
aooliooie* lie onifiaoisotl that iatorsi fl. ion cibiI md&l rotation of - 
cervical, thoracic or Im Sm t are parts of one cottpffisid oovosqb% -
too ran only ooear as sopors to tgjrvonossis to a very licit tod degree* " . 
ia i t r a t  t lo x im  of fee spinal cotozi is t!loro&ro ium rloM f. 
rotation at tlio lord of fledon* ilcsreov'or^  l^vatt poiBtod ant that 
Isrioivu h.iSsiijig in flos’edr.po iUMMi la sr/.;oc£avt.f « rotation M
w h i l e  i n  t h e  o n t e iu b d  ■ p o s i t i o n  r o t a t i o n  e o e n ro  i&  ih o  
Opposite tlireotloa.- lie f e l t  that in  o u d i  i2oveneiiis llis cpisie Mrrply
toltm® tlio neeli*C cl Xm*o governing fte&ifele rods*- B i t te r
also Bstcd tlrst during laiom l flevies the f if th  te lia r rerbebm
tmeemmni rotation m;mm£ a vertical '$%&&$ U flexion was to the- le f t :
tiso vertebra ro ta ted  to  ilia r ig h t  olvl vice versa* Further* lie f o u n d
th a t  la te r a l  ilo u im 'm o  a lso  contm i m  ilm tm S xm  .'the
position of the axis remaining s t i l l  i s  mriimntB b e teen
and L~ and la Urn case of mavesamiia batsmen the fomrth anil f if th
•lumbar rorteteie cnJ Imimm the fifth  X\£f*m* vertebra and the f i r s t
sac ra l eegaoat*- the area tmv&il m U iis  the M bgb a t different phonos*
Sits axial -teaolaiioa mis m&t- prcmotmoet! la  the lagfeo-eoesai joint,
ami was only barely poi ee~i* le  in  tlie jo in t bohmm the. fourth tm&
fifth  t a t a r  vertebrae*
f a n s  ( i $ 3 3 )  f o u n d  b y  s u p e r im p o s e d  -rem nlgenogrcnas t h a t  t h e  e o & ire
of motion in  la te r a l  flexion, i s  medial to  the a r t ic u la r  foaeio* ^flio
isot-iosi osocratofi in  vorteb ra l a r t ic u la tio n  Is  always a  g lid in g  and
never o binge motion Ix&otxso .the centre of l i e s  ou tside  tlie
f o c e t d 11*
1 o i  the- siteo o f  ro ta tio n  opiiiieno a re  divergent#,- .Considering 
the t  O i n d o  r e g io n *  I t a p h r y  ( i S ^ S )  believed th a t  t h e  centre*? o f  $ h e 'q re e : 
d e s c r i b e d  b y  t h e  s r i i e i i l a r  ■ f a c e t s  l i e  m t l i i a  iMm v e r t e b r a l  'b m lie o *  an d ; - t h a t  
n e v e r  ^ s i t s  o f  - t h e s e  v e r t e b r a e  a r e  e l a o .  e e a t r e i  there**-.- f l e l& m  
( 1 8 8 ? )  m is  i s  c o m p le te  a g r e e m e n t  w i t h  t h e  f o r e g o i n g  o p in io n *  I I o u e v c iy  
7-hi^hoi- (ififlS) m i&  th a t the eeatre  o f  t h e -c irc le  o f  t jU id i  the .a r t ic u la r  
face ts  rep resen t o res does n o t  l i e  in  the v e rteb ra l body te t r  fa  f r o s t  
f f  i t *  Uudi in ter*  F r a s e r  (1935) agreed t i t t l i  Itap!uy7  in  s t a t i n g  th a t  - 
tiro cen tre  of the  c irc le  on iM ch  Mm ■ tho rac ic  a r t ic u la r  fa c e ts  lit* i s  
l o c a t e d  i n ' t h e  vertebral bodies*.
Dams (4957) ilia cen tres of c irc le s  on uSi£<&. th o ra c ic '
a r t ic u la tio n s  Mo a t  o i l  thoracic  le v e ls  l a  17 cotem s* i&t&oug**' tbboe
moo eonsMemsiilo in d iv id u a l v aria tio n *  ■ %mmmly  th e  f i r s t  th o ra c ic  
artioislcitlcEi had i t s  cm tm  %mli in  f r o s t  of tlio, v e r te b ra l body*-"' 
those holm  opproaehed obi! then entered tlio Mao of t!ie vorUmml 
hotllosf l a  the immv p a r i  o f  tlio i ta fa o lo  region tlio poin ts again • 
l o f t  th is  M m in  m o t  ccron* except th a t ' tlio M m s i  th o rac ic  j o i s t  
saigki k v e  cen tre  vhich reentered the line*  flips I t  i s  ©vittoni th a t  
the two o rig in a l divergent opinions o O te x fe y  bim! Holden m  0210 
s id e  cmd of HogtiOB on tlie oilier pure no t a s  opposed 00 they f i r s t  
appeared* • Furtlior, Burls (1957) thought th a t  td tli  the  exception of 
tlio e re c t p o sitio n  tlio ihorac&e faeo is m o t  Iso incongruous* .During 
CcdoX ro tation*  they t i l l l  a l t e r  laorcffiicmt l a  tfao mItt-4lsoraele region ■ 
■$itboat a la te r a l  s l i i f t  of tlio ve rteb ra l bodies.upon on© another, bu t' 
l a  tlio upper and toner* thoracic  region ro ta to ry  ttovec&nt nmol bo 
occeqpaaied W  u la te r a l  shearing of the bodies, tmloas the fac e ts  
mmlmuio during l i t is  taOYoiaent*
Cfjaai6oriag III© lushar region* i t a | f c y  (iS5B) thought that 
t e n d o n  t:?a.a n o t p o ssib le  because iho Articular fa c e ts  a re  orientated . 
In. smell a isaimer a s  to  prevent ro ta tio n  about m  a n te r io r  aids*
Ilorvir.. {18?9) £mm& th a t  throughout' tlio tiiabar region the in fe r io r  
a r t ic u la r  process o f ilx> tipper vertebra airs! the superior a te ic n lo r  
process of the  lower vertebra f i t  only loosely  in to  each other* Both, 
such '7jo in ts  of -one sp inal u n i t  can umov be brought together in  close 
eoatciet* flius lie ilumgui tlie t the Imm* process of tipper vertebra  
m n  s te le  sitleivuya mimom  the a >cr process of the Immv vertebra  fo r  
a - M i l  distance' to  a l l m  a t m  degrees o f ro ta tio n  around on a n te r io r . 
aria*  Fraiser (i95B). agrees wiitt IliKspluy s tii  .tMt&e th a t ro ta tio n  i s  
pot possib le  in  ike Itesbar reg ion . Capenor agreed th a t  Imaksr
ro ta tio n  orossui m  anterior a id s  i s  not poafdMo* tm t imsM in  c i t a t o ! -  
p rac tice  th a t fe ib a r  ro ta tio n  -&M occur* "Uo helieoeil t! is i tM s
roin io-i tils© taking place m w l  a posterior axis* antl..ma 
s .Iiy ii degree or sideuayc sliearian pt the  v e rteb ra l h&&ion cm •
•each oilier* •
flms. It ajFmsn tha t axial. rotation in tlio iliffimeio region 
occurs PvmmS m anterior suds* ami the ppnifdm of itnst &x&& relative- 
to tlio mrtohml hodies depends upon the level feeifsg studied* - In the 
ta lbar region 8mm %mrtuim - say t lm  appmidlon of the? a rticu la r i s 00is  
completely felooks any rotatory isovemoiit, others believe that alight 
roiatiou (loos occur in  th is  region triili a posterior axis centred 
behind the spinal cosal*
, ' mnaTm:!
(a) S a g itta l movements
Ximor (182?) was the f i r s t  to  masza.ro sp inal • movement *' using both • 
yemg liv in g  subjects ant! autopsy .maiori&l *. Ho found th a t tho t^g&iiudos 
of flcrdcn-cxlonsion •■ore g re a te s t in  tlio corvic&l region* lose in- the 
leaibar region* and th a t somo-of .the thoracic,.ixstorvorbebral jo in ts  cannot 
undergo t  lesion. a t  a ll*  Subsequent' to  Weber* xmsi workers need e i th e r  : 
toati a i n iom  or liv in g .su b jec ts*  but not both*
c n  IfetmwoxtmiB in  osioo-ligam aio tis propatatioas
. lfitch<m (i005)) .s tad ie fl‘s a g i t ta l  f le so r  m veaeats l a  the  !iaii£si : ’'
Spine ij a jily  a t  the a tlm ito^asia l' a r tio ti la i io a * .' He Blimcd -the 
degree m 3 -range of motion by geometrical diagrams in  addition  to  the ■ 
iloaonstratioB • of m% anatomical preparation* Virchow (1011) .embedded 
the  lu c m r smd 'pelvic p a rt of osieo-ligaiien tous'preparations in  p la s te r  
e f j t e r l s  in  the up rig h t' p o s it io n ' m3 obtained c a s ts  of extreme flex ion  • 
and extension by pu lling  on tbe f i r s t  cerv ica l vertebra* He a lso  to<& . 
l a ic .n l  radiographs of b is  preparation in  the t > * «, as well as tb s  -
fu l ly  flexed-and e'xiea oa p>sliions* Be divided the p la s te r  cast- in  . 
the  s a g i t ta l  plmm and paxn o c d 'sa g itta l markers on i e  ciit surfaces*
Froes those !io measured' the  changes in  angle between indiv idual vertebrae  *
■ (Bor fig u res  coo' fab le  i)«  ' -p.'
' Movogrodsly measured s a g i t ta l  m obility  in  four columns
using the Htlrbelmesslasl©1 invented by S tresso r (1010)* Ifere tlio ■ 
vosricbmG arc  bold in  spiked e loops ea i the movements were'recorded 
on paper by ». eons ..of a  sty lus , (fab le : I) •" Fick (191.1) .(qaotod-hsr 
Alvikf i©lD) using ostco^ligasentouo preparations found th a t' t h e .
-nobility  o f the : s p in e l  s' d irec tly ' proportional;; to  the square -of 
boigut c4V the cliec, (b) cud inversely  proportional to  the square of
i t s  tramvQirm section  .( f ) , the. range of movement feeing expressed in
the cquaiion ipj* .' Katserer (1913) a lso  measured the s a g i t ta l  motion •
' 2* .
of osteoligomentous preparations of two coltnsns using tfee ffe‘irbolmesslatXa* 
Botli those columns studied-fey Earner©* had sis: lumbar vertebrae (see 
tab le  1 fo r-resu lts} *
Audcrsson. and Eckatrom (1941) measured the forces required to  
bring  about laovomoiii'' a t  in iervertoferal jo in ts  observing changes in  angles 
of feaams of l ig h t  re flec ted  from m irrors attached to  the ir, specimens.
'fa irs  of vertebrae were fixed  -in strong frames and bad lover om s attached 
to  tfeoEi*. hooding o f the lover ®m& causes movement, of the jo in t  concerned 
and fey knowing the load and the length of the lover a m  the forces ac ting  
can fee determined. They found th a t taoro- than h a lf .th e  to ta l  range of 
s a g i t ta l ' n o b ili ty  could fee brought about with l i t t l e  fo rce . ' Movement ■ 
beyond th is  poin t could only fee caused fey proportional increase in  the 
force employed.
Icelander (1966) .studied motion of p a irs  of vertebrae in re la tio n  
to one another when loaded v e r t ic a lly  in  71 samples of human lumbar
spines , from 38 autopsy subjects ranging in- age from 4 to  76- y e a rs . He 
a lso  assessed the s tab ilis in g , e f fe c t  of various types of dorsal fusion 
with a view’to  assessing  the value, of e x is tin g  techniques of sp inal 
fu s io n .,
By means of eleclrodynamometers lie recorded deformations in  the 
vertebrae and discs,'m aking comparisons under id en tica l loading conditions 
between' in ta c t  specimens and others subjected to  simulated fusion . By 
applying eccen tric  loads, lie caused th e .v e rte b ra l segments to  adopt 
positions of equilibrium, corresponding to  extension flex ion  and la te r a l  
bounding.
■ Ho found th a t p o s te rio r  fusion provides.a s ta b il is in g  e ffe c t  on 
the involved ’segment. However, i t  i n  not possib le  to  obtain complete
immobilisation between vertebrae, even i f  im&t p a rts  of the p o ste rio r
elements are fused, ;cnd the e ffe c t  i s  dependent, on the fo rc es .involved* • 
A p o s te rio r  load i s  counteracted by. fusion, trah- an a n te r io r  load - tends 
to  put increasing s t r a in  on the d isc i th is  l a t t e r  phenomenon' can. only
occur i f  there  i s  movement of the v erteb ra l,b o d ies , anti th is , compression 
appears 'to a r is e  im n  'a degree of e la s t ic i ty  in  the fused neural arch 
complex*
White {%9$$) carried  out a comprehensive study of the mechanics 
of the thoracic  spine using 50 osiooliganentous preparations from ten  
sub jects of ages ranging fmm 16 to  83 years. M obility was measured 
a t  a lte rn a te  in te rv e rteb ra l jo in ts  which ho called  motion segments. ■
The motion segments T, _ 2* ^  _ 4, Tg _ «> *7 _ 8» T9 -  10 aa* ?U  -  IS
were-used. A fter position ing  the motion segments White in se rted  
horizontal displacement gouges and extensomoters in to  the vertebrae, 
a method a lso  used by polander (1906 )• A fter measuring the diameters 
o f the v e rteb ra l bodies in  the s a g i t ta l  and frontal planes he marked 
out 25* 50 and 7 0  positions of the two diameters where he applied loads 
to the motion segment in  such a way as to  sim ulate the d iffe re n t 
movements of the spine*
■ White found th a t there was generally  more motion when the load 
%mu applied  to sim ulate flex ion  of the movable v e r te b ra ^ (25$ p osition ) 
than when the load was applied to  cause extension (?55v p o s itio n ) .
Further the range of flcx ion-extension  movements increased from above 
downwards (see Table l ) .
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i®!ir (389^) vas toe f ir s t  to aalrc objective studios of the 
mobility o f  the spine in liv in g  subjects. . Ho traced Use ©haters of 
B  large n u m b e r  of subjects ( h i )  p r o j e c t e d  on to g r a p h  paper ami made 
angular from th is , fh is  method, though sy e te ia iie , i s
lia b le  to error. HBlir’s experiment, hwever* v a c  as .important step 
forward. Subsequent voxfe in  th is  f ie ld  can b e. considercHl. under 
two beads? radiological mm&urQmmii and nom tsrm m t wiili external 
methods*.
mmmmmfOs mmms
,1b flie f i r s t  half of the twentieth ©eatery the movi popular 
method for the study of movements of spine xmo comparioon of cmtoro~ 
posterior or la te r a l ' radiographs taboo ca e* (raise positions. Virchow 
{i$19} uas the f i r s t  to use x-rays to study sag itta l flexion* and 
b riefly  compared his radiological findings with those on onatoaieal . 
p r e p a r a t i o n s .
M itoar (1931) wid" the- f i r s t  serious attempt to study the 
movement involved in sag itta l flesion using radiological techniques.
Ho studied three positions in  one subject!' extreme flexion, extreme ■ 
extension, and ike relaxed erect posture* A d e l e t e  description of  
his technique does not appear but i t  seem© '.that be centred tko x-ray 
tube on the mid-lusibar region and took profile pictures in a l l  three , 
postures, lie drew line© along the upper ami lower surfaces of the 
vertebra! bodies and measured the changing inclination in degrees 
{&m fable a ). .By delineation of the anterior margins of the vertebral 
bodies he xma, able to study any forward or baokward displacement of the 
vertebrae during such movementSr#^  Ho akm*e<1 that flexion from the erect 
position in the lumbar region is  greater than extension! extension in 
th is rogios in greatest between the sacrum, and the f if th  lumbar
vertebra* end i s  also large between the f i f th  arid fourth lumber • . 
vertebrae.
■ Batcfce (l9 5 i)  used.an identical technique in  &-sample of ' 
fei?ty-twa subjects of diverse age ranging from 3 years to 79 years •• 
of both 06X00* lie did not find any influence of sex and occupation '. 
on the f le x ib i l ity  of the spine, except that practicing gymnast© • 
had greater mobility# la  the thoracic region the combined flex ion  
and extension a t each interveriebral lev e l was about 5°f flexion  
being generally greater than • extension. In the lumbar region the 
range of sag itta l m obility, of a l l  jo in ts -taken' together, of 70 .b 
degrees consisted of lb.k degrees flexion and 5%.2 degrees .-extension, 
fhe 'birr? t  'mage of sa g itta l mobility was located between t*. and nr
. *i J
(13°), increasing progressively' from above- downwards. Generally* the 
m m m m i m® greater © till a t  the lumbo-sacral' jo in t ranging frost 17 
to 2f>°. In the lumbar region, in  a l l  subject© extension was greater 
than flex ion  (see fable 2} * - .  .
Wiles (1939) a lso  studied spinal movements, radiologieally  and 
obtained sim ilar resu lts  (see fab le 2).- He demonstrated that even in  
full' flex ion  the lumbar spine only ju s t  becomes concave forwards. 
Wiles- ©aid that extension i s  lim ited % contact of the spinous 
process©© and flex ion  i s  lim ited by the interapinous ligaments and 
the jo in t capsules.
During the course o f proposition of a film  demonstrating the 
movements of tlio vertebral colossi by cinematography and ratlic^ aptiy* -' 
bockiinri, Fouler, ,m i  B ro ilsf erd/found In female acrobats that 
extension of the opine was greater than flex ica , and that the greatest 
range of movements takes place in  the lumbar m m $ being le a s t-in  the 
ifm m cic  region. • One female subject xmu able to bond bacbvorde and 
place her head’ between her thighs.- - A la tera l radiograph of her spine 
in  th is  position ahowed that the'-dorsal spine m® parallel to ilte
sacrum* Even with th is  degree of extension a ©light kyphosis of the 
dorsal spin© persists* 3’roa h is observations oa th is  film , Brailsfortl 
{1935- 1933}  disagrees with the previous authors with regard to spinel 
mobility* However, very few peopleapproach sock a degree o f spinel 
f le x ib i l i ty .
Elwurd (l§59) also mde x-ray pictures of the liaalKoX-sacral end 
dorso-luabar regions in  the erect position and in  f u l l  flex ion  and 
extension* Ho described the role of the hp jo in t in  th is study as most 
striking* He remarked that in  a comparable study Biiimar (1929) had 
ignored the role of the hip jo in ts in  h is  statement that flex ion  i s  
greater than extension i n  the lumbar region. Eluard umpltaai&eg that th is  
i s  true i f  one considers the motions of the torso an a whole oa the 
thighs .but i s  untrue i f  one thinks of the in tr in sic  mobility .of the 
lumbar spine* Further, he pointed out that extension i s  not greatest 
between, the socrua and the f i f th  lumbar vertebra* Blvard has thus 
disapproved the findings of; B it t o r  and has given support to BrnileforcL 
Further, he rejected-the plea that flexion  i s  freest in the Xuabar 
region (for figures sec fable 2)i •'■■•'■"■'•
Gianturco (l*M ) tool: x-ray photographs of the spine mioti erect, 
flexed and extended in  the recumbent position . At •ctggji jo in t :iJie 
siTOrimposed the images of the lower vertebra of the three film s and 
used 0 lino tangential to the in ferior surface of vfchc upper vertebra . 
to record the movements that had occurred. Mo repeated the radio- 
grafjiy with the subject s it t in g  erect, having immobilised Urn p e lv is  
anti again took x-ray pictures in  a l l  the three positions. His 
pictures showed.the sacral and lower two or three lumbar vertebrae 
perfectly* He called the point of in tersection  of the lower 
tangential lin e  in  flex ion  and when erect the fulcrum of flex ion , • 
and the point of in tersection  in  extension and when erect, the fulcrum of 
extension of the vertebra in  question* in patients suffering from low
back pain bo discovered that those fulcra were variously displaced from 
the normal - position*
i&utsson {l9hh) or,tminm the lumbar spine m ill profile  x-ray 
pictures of patim-te in tte upright position m  well €m extreme flex ion  
and extension* This author found that in. normal, oases aaiero-posierior  
movement Cmm m i  take place between the. vertebral bodies and that 
angular saove&ont between the vertebrae occurs smoothly* Xn.degenerated 
d iscs, 'ho.commented, there often appear signs of in stab ility , in  Hie 
form of oatoro-postorior movements and that abnormal t i l t in g  Saveaeata 
occur'between the vertebrae#
Begg ond Falconer used e sim ilar method -in patients with
a view to locating the presence and s ite  of any disc protrusions* fhoy  
measured the relative  amounts o f  m v m m tn  ©earring between the adjacent 
lumbar vertebrae by taking the la tera l views of the lumbar opine in acute - 
flexion ami extension after  immobilising the pelvis# By imperimposing 
the radiographs the degree of movement a t each interspace could lie 
measured (values in  fable 2 )#
For measuring the mobility they placed the film  to k m  in  extension  
m  a horizontal viewing box, and a shoot of paper was la id  over i t s  
upper portion and held firmly in th is  position  with a paper weight* 
rlext the film  taken in  flex ion  i s  placed on the top so that the outlines  
of the sacrum coincide in  both film s, and a pencil i s  drawn along the 
top margin of the upper film  to form a. base lin e  on the elitet  o f paper*. 
Then the upper film  i s  adjusted so that the -shadows of the f i f th  lumbar 
vertebrae become ouperioposed and -the • pencil i s  again dram along the 
top of the upper film* This process i s  repeated with other bodies;;, The 
angles between successive lin es  indicate the amount of movement taking 
place at each Interspace*
They found that in  an overage person about 70° of movement occurs 
■in tar 3tahar space ‘between''full flex ion  and.fu ll  extension, of which
-  50° tub os place at the lowest throe iniorvertobral spaces. The 
degree of movement a t oaeli disc space i s  usually greatest a t the 
lumbosacral 'disc, but altera with cfzo of th is variable d isc , while 
above th is lev e l i t  decreases progressively * Tmy remarked that in  • 
fa l l  flexion a a ligh t kypkos fippwra with the curve centred about tlio 
anterior margin of the intervertebra1 d isc, in  fu ll  extension a 
considerable lordosis develops*
Alvlk (l9h9) standardised the postures by building a stand for  
the subjects and.a padded fin ing dei/ice for their pelves* The subject 
i s  placed with h is back to the stand and the fixation  apparatus i s  
fijSB&y adjusted, a t tlio correct level* Further supports were placed 
anteriorly on the thighs end posteriorly against the lumbosacral spine 
thug im o b ilie in g  tlio lower part of 'the body thoroughly* Haidnsam 
■extension performed by the subject was then recorded* Is order to  
record flexion a t the lumbar le v e l, ike subjects .wore- made to s i t  on 
a long bench with extended legs and were asked to put their hands as 
far forward as possibles in  th is  tmy lie minimised the effects of flex ion  
a t the kip jo in t, but c learly  a im  movement m y  have been possible*
Alvlk found that in  the sa g itta l plane the range of movement 
increases i t m  above downwards and was greatest in  Lh ~ am! was about- 
ilio same in  bf. -  S1#. lie found l i t t l e  difference in  the m obility of 
■the spine in  the two sexes but observed that the range of movement 
in  the sag itta l plane was soaewhat greater than that o f _ la tera l flex ion  
(m o  Table 2 ) .
fans (1953) used x-rays to study the motion o f the lumbar spine 
in  ten children and.forty -five  adu lts. The x-rays were taken in the 
recumbent- position and analysed by tho method of Bogg and Falconer 
{1949}* So discovered that tlio nm  end body weight did m i  Ivervo any- , 
discernible influence on lumbar motion! increasing ago however reduced
Hie range of movement, most of the reduction occurring:', between 13 omJ
35 years of ago* Among children lie found that sa g itta l mobility was
greatest a t the f i f th  lumbar interstice* There was a progressive
•decrease' i s  motion' above th is  level* In adults, however, motion in
the sa g itta l plane was s lig h tly  greater fit the fourth .interspace than
at cfcker levels? the order of reduction being lumbosacral, third, second
and then the f ir s t  lumbar interspaces (see Table 2)*
Aho, Yariiainea, and Sale (1955) a lso  used ' x-rays to study
segmental mobility in  26 normal and 22 diseased subjects* They took
conventional radiograms in  p ro file , and determined the range of edipioatalr
mobility by' angular meosuremcnt. The angle between two consecutive
vertebrae was determined by two lin e s , one running from the ventral
corner of the upper articular surface of the superior vertebra to the
dorsal corner of the lower articular surface and the other along the
lower articu lar surface of the in ferior vertebra# This angle grew
larger in  extension and smaller in flexion# The sm allest angle was
subtracted from that o f .the largest one to give the range o f angular
mobility of -a particular segment (figures appear in  Table 2)#
Among the normal subjects the greatest sagittal' mobility was
most?."-cc^ETOly between the fourth and f if th  lumbar vertebrae (mean
value 10.8° ) ,  le s s  frequently those between the third anti fourth lumbar
vertebrae (mean value 8 .8° ) ,  or between SgA>£ (mean value 8*8° ) .  Tm
range o f mobility in  the upper lumbar segment stead ily  declined, the
mean range between the second and third lumbar vertebrae and f ir s t  and
o osecond lumbar• vertebrae being 6*1 and 5*3 respectively#' Among 
subjects with abnormal lumbar spines the lower intorvertebral jo in ts  
were highly immobile, mobility being greatest between Hie f i r s t  end 
second or second and third lumbar vertebrae. They found that the more 
advanced the morphological changes of the lumbar spine, the more
restricted  was mobility in  the corrGeponding motional segment.
Jiroui (1957) examined the m obility o f the ta b o r  m i  sacral 
segments in  a hundred norml young subjects, taking x-rays in  extremes . 
of flex ion  and extension. Be did not make any quantitative moasurmsute 
but commented that both in flex ion  and extension the vertebrae formed 
a regular taiiiiterruptecl 'arch, in  which no vertebra deviated from a 
continuous lin e  drawn through the posterior margins o f the vertebral 
bodies, .in some' (12) cases, with a transitional lumbosacral -vertebra 
. with a body higher anteriorly than posteriorly* spinal mobility was 
©lightly altered* there being a ligh t • diminution o f spinal flex ion  in  
the region of hj -  8  ^ caused by the shape of f i f th  iisabar vertebra, 
diront also-found that s lig h t forward displacement of the fiurih lumbar 
v e rt okra on the f i f th  occurs regularly' in  normal extension.
iillbrook (195?) studied the sa g itta l m obility of the lumbar spine 
in  25 men and 7 women by taking radiographs in  fu l l  flex ion , in  the . 
erect, position and in  fu l l  extension. . hike others lie a lso  superimposed 
the images of sacrum in  three positions and giving ti fixed point for  
measurement of movement of each lumbar vertebra. He drew a lin e  through, 
the mid point"of each vertebral - body parallel to i t s  upper and lover 
surfaces, and projected - these - forwards and backwards. The angle a t  the ' 
point of intersection of Hie lin es  in  flex ion  and extension was taken as 
the to ta l amount of flex ion  of the c o to n , using the sacrum as a fixed  
point. From ib is  figure he calculated' the individual vertebral movements
• by mibtra c tio n  (selected and processed' figures appear in  Table 2 ) . His
• method suffered from a major flaw? determination of the mid po in t of the 
vertebra and 'drawing a lin e  paralle l to the superior and in ferior  surfaces 
from the mid' point' i s  subject to personal error.. Further, the upper end 
lower surfaces of 11 vertebra m y  not be geometrically parallel* mailing the 
task mores d if f ic u lt .
Sdialints&k (195S) placed hie  subjects in  n s i t t in g  p o s it io n . on3 
naked there to  perform, ac tiv e  extreme flex ions of the opine* lie fennel 
th a t  charing these movements, the normal lumbar spine formed a smooth 
harmonic curve w ith angles hotween the d isca l surfaces of ad jacent 
v e r te b ra l ' bodies* flic concavity of the curve and the v e rtices  o f the 
angles are  facing the d irec tio n  of the mmmvimt* In flex ios/ox 'tension, 
p ra c tic a lly  u® p a ra lle l  displacement between the indiv idual v e rteb ra l ■ 
bodies -occurred* Schalimt&ek found th a t  the range of s a g i t ta l  © ab ility  
in  33 normal sub jects (i% men and 19 m uon o f on average age o f 3b*8 
years was 6&*i°* The average segam tal s a g i t ta l  m obility  vn&t~
Li  -  2. LS -  3 %  -  4 h  -  5 **5 ”  s l
10.4°, as,?®, 13,3°, 14,9° ana 12. 8°
(ace fab le  S)* ' He a lso  ©ensured the a m p le r  movement from the up righ t
re s tin g  p o sitio n  in  flex ion  and extension separately*
• fiio segmental m obility exhib ited  considerable Individual v a ria tio n s
m  there tmo a large difference between tlm mximuza and ©inimup.s values
recorded. fbe tm  anti age of the sub jects did not seem to  have any
d e fin ite  influence on the m obility  of th e ir  spines* fke values obtained
by o ther outliers using the dorsal recumbent p o sitio n  ore s ig n if ic a n tly
sm aller than those of Schalint&ek; th is  I s  presumably due to  d iffe rences
in  the ex ten t and .strength  of 'm acu lar a c t iv i ty  under d if fe re n t
orcpcrireeniaX eond i tions •
Jon!? and van Hickerk (l9 o i)  measured v erteb ra l movements in  92
Bantu subjects by Bogg and F alconer's  method* fbey- kepi the tube film
distance fixed a t  5 foo t w ith the central- ray d irec ted  a t  the tlicsc  c re s t .
When tlio reoveiuents wore executed, an attem pt .vm  m de in  each ease to
ob tain  the laasireure mvensoni*.
fhey found th a t  the Bantu lumbar spine was p ra c tic a lly  twice os
mobile as th a t  of the European* "Hie laaxioure range of flex ion  and
extension occurred a t tlio Xunhosacral junction with a progressive 
reductios a t tlio •-higher lumbar sepsonis*, • In tlio Bantu i*eductlon in  m obility  
with age-occurs very gradually*:, This reduction of foots mainly tlio laabo- 
sacral mid tlio junctions w!mm the maximum movements usually occur
in  youth (fig u res  in  fab le  2) .
Cloyoon*: BeWveo, ..Anger,' Skmiiund' and KottJsc (19x2) studied
th e - ''m o b ility  of the Iiip and the lumbar vertebrae of 26 normal young 
women by conventional x-ray p ictures* From th ese  ra'oatgoaograms they 
tsa&e' four meaimreaoats to  study th e ' s a g i t ta l  'inability- of th is  region*
She intexveriobral motion between adjacent lumbar vertebrae was measured 
to  determine where .the greatest motion occurred. .The angle of lumbar 
lordosis or 'total lumbar' '• motion '%ma measured between tlio superior surface 
of'the m orm  and the superior surface o f ' tho f i r s t  lumbar vertebra. 
Measurements of the distances between the anterior borders and between 
the posterior borders of adjacent vertebrae, were' made to  determine -the 
changes in iniorvertebral d istance'i n ' th e ' three 'basic position s. Tho 
■j&I^eacml angle was a lso  measured. '■ :
■ They measured the ia ie rv e r ie b ra l angle a t  the point' of in te rse c tio n  
of two 'l in e s | -t * n m i along the superior surface 'of one ve rteb ra l body 
and another along the in fe r io r  surface o f the  vertebra above (figu res in  
Table 2 ) . They measured * the eagle of lumbar lo rd o sis  by drawing e l in e  
along the superio r surface of the sacrum and the" o ther along the superio r 
surface of and taking the eagle of in te rse c tio n .' M te ro -p o s te rio r  
in te rv e rteb m l d istances were measured from th e1 m ic ro -su p e rio r  com er.
'of one vertebra  to  the an te rO -iafo rio r com er 'of the mm above. Idlcewise* 
the  p o ste rio r int&rwri&hml ' distances wore tahea by measuring from ike  
postero-suporior m nw r  of one vertebra to  the poe tero -in ferio r. com er 
of the vertebra  above* Tho pel v isc e ra l ' imgle i s  the angle formed by 
the * * t verse  ax is o f the innominate base ( in te r io r  superior i l i a c  opine)
ami the l in o  along the .superior surface of the sacrum. This i s  equal to
the ang le•formed by the long ax is of the innominate bone and the long
ax is of the f i r s t  sac ra l verteb ra .
■ Clays on - o t ■. o 1 (1952) found, the g rea te s t motion of the lumbar spine
to  occur between the f i f th  lumbar vertebra and the sacrum. The g re a te s t
lumbar flex ion  of a l l  jo in ts  together was -26°t while the g re a te s t
combined' lumbar extension was 4- 191°. There i s  a progressive increase
m  the a n te r io r  in te rv e rte b ra l distances, and a continual decrease in
.the p o ste rio r 'in te rv c rteb ra l d istances as th e  subjects novo from .
extreme flex ion  to  extreme extension 'through the uprigh t p o sitio n .
The'pe lv isacro l angle changed as the subject assumed■each of the three
basic, positions which suggests th a t movement occurs a t  th is  jo in t .  They
found the combined motion of the lumbar region and the hip iron  extreme
oflex ion  to relaxed standing p osition  averaged 181 ', and motion from the 
■relaxed, standing p osition  to  extreme extension averaged 41°, fo r  a 
to ta l  motion of 222°.
B arret (1968) suggested tha t.each  lumbar in te rv e rteb ro l d isc  and 
associated  articu la tion©  account fo r  a fixed percentage of any lumbar 
flex ion  or extension. However, he has not produced any evidence to 
th is  e f fe c t .
R e lia b ili ty  and repeatab ility" of re s u lts  a re  e sse n tia l before any 
genera lisa tion  about the range of movement may be made. In order to  be 
able to do th is  a thorough standard isation  and a complete descrip tion  
of the experiments performed are  im portant. Unfortunately ap art from 
Gianturco (1944), Alvik (1949), Begg and'Falconer (1949), and Cloysott 
a t  a l (1962), most authors have e ith e r  omitted such descrip tionsmmwww. .mmrwn > ** /  p ' ' *
(Biiimar 1991 and Aho e t  a l  1955) or have given incomplete descrip tions 
in su ff ic ie n t fo r  the purpose© of re p e tit io n  (Bakhc? 1951, Basner, Sebalimhssglc
1958, and Jonh and van Hiekork 1961). ' Further, the re su lts  obtained by.
'various anthers cannot properly be compared an th e ir  techniques are 
d iffe ren t*  BadioXagical eeasureacatf though the most accurate of a l l  
larnrn methods, has the g re a te s t disadvantage th a t x-rays themselves 
may be harmful to  the 'sub jec ts*
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. extehmal m m m s  op .
Blueseiiibal (1912) reported1 a simple laeihod of estiiaaiion of 
sp inal movement. ' Ho attached 'small c ir c le s  of odhosive p la s te r  to 
»kia overlying the spinous processes, eincl ran. l in e s  threads from 
these i s  p a ra lle l  across 0 smooth surface, the threads being kept 
ta u t by imaging %might» m  Him, Bad* thread bore 0 bead a t  a • standard 
'distance from the p la s te r  c i r c le ,  tracing of the beads gives ■ the 
superficial" configuration of the vertebral'colum n and follows closely  
flexion'and extension of the - spine* The. merit :of this, device i s  tlia t 
i t  does not'hinder body movement. ■
HeKcndrick (191&) measured s a g i t ta l  m obility by measuring the 
d istances between the spinous processes of the fou rth  lumbar vertebra 
and the p o ste rio r superior i l ia c  spines '(a ), and between the spinous 
processes of the tw elfth  thoracic  and fourth  lumbar vertebraeis{B) in  a 
number'of male*' subjects* in  the seated subjects these d istances 
increased from estrone extension to  extreme flex ion  beiagt*-
A B
Extended i.7 3  4*0
Flexed 5»00 6.5
K eller (1924) repeated these te s ts  w ith sim ila r r e s u l ts .  Troup and 
F ield ing  (19£$) a lso  repeated this method of measurement but re jec ted  
i t  for several reasons* They said  in  f u l l  ex tension■the spinous 
processes are  so close to each o ther th a t i t  i s very d if f ic u lt-  to 
id en tify  them separa te ly . Further, 'there  vm  no eur&ty th a t the 
:.prominent p a rt -of the bony landmark palpated i a  one posture was 
id e n tic a l with that, in  another. They found th a t cutaneous marks do 
no t always correspond with the bony landmark in  question due to  
variao le  skin m obility .
Asjaussen cad Hecboll-Nieloen (1958} measured s a g i tta l  sp inal
m obility in  201 school boys o f age range 7 to  16 years by mmm  of a 
sp ec ia lly  constructed *inclinom eter” , or "goniometer”' by which i t  was 
possible  .to neosurc the angles between o vertica l frontal plan© and the 
projection on to a s a g i t ta l  plane of any lin e  connecting the two 
chosen point© on the* surface o f the body* They found that f le x ib i l i ty  
of the spine i s  generally larger in  those with the more pronounced 
lordosis* Further* the g rea te r mobility in  flexion  i s  generally  
p ositive ly  co rre la ted  with a g rea te r mobility in  backward extension*
Is ra e l (1959) measured flex ion  and extension of the spine of ten  
female b a lle t  dancers of ages ranging from 18 to 23 years using a 
f lex ib le  curved rale which chapes e a s ily  to  f i t  any curve* He 'then 
applied th is  curved rule to paper and tran sfe rred  the o u tlin e  by means 
o f o pencil*. He then drew tangents from the ends of the curve* At 
the in te rse c tio n  of the tangents he measured the* angle by moans of a 
p ro tractor*  -This angle i s  c h a ra c te r is tic  of the p a r tic u la r  curve th a t 
i s  under examination* He recorded 35° 38* as the moan range of notion
of the lumbosacral opine, and 20'° 14* and 28° 33’ fo r  the tho racic  anil
cervicothoracic spine respectively* Troup and Hood (1964) rep o rt that 
they could not use th is technique using the flex ib le  ra le  from the same 
manufacturer ,in their investigation due to  errors of a lign ing  i t  to  the 
spinal contour and because of a wide v a ria tio n  of re s u lts  obtained when
reproducing curves of a given radius* ■
barkers fixed perpendicular to  the shin in  the middle l in e  of the 
back over known bony landmarks may be used to  measure the angular 
mobility of the spine in  the s a g i tta l  plane* F l in t  (1963) obtained 
a s t a t i s t i c a l ly  s ig n if ic a n t c o rre la tio n  co effic ien t between such 
measurements and rad io log ica l m o m rm m ts  of the same sub jec ts  in  
sim ilar postu res. Davis, Troup and Burmml (19^5) studied s a g i t ta l  
mobility of the thoracic and lumbar section  of spine of their  sub jects 
wearihg such markers during stoop l i f t i n g  and l i f t i n g  with bent knees
and ©root trunk by ehrono~cy£Xophoto?p’a$>hy* They fotmd th a t .a f te r  a
proMfiitxiEy extension of 'about 5° the Im bor spine was frecpently  
looked fo r  & sho rt while and thm  m im m m  began which eoniismed 
'smoothly throughout the lift-*  flioy fotssitl th a t  a l l  l i f t s *  in  a l l  . 
positions of the body, wore aeecqj&nicd by considerable Ifinibar 
oxtonsloii. Tim po in t duriug the l i f t  at which coaiim m m  o x teaa ta i 
began varied  markedly* Generally the cmtimi9&& erioasiix t began wlion 
the w ig h t  had readied .between o quarte r and a h a lf  of i t s  f in a l height* 
la  s tra ig h t  leg  l i f t s  lumbar extension. began vhm  the  l i f t  was about 
5 /8 ths eofspleted* Isrkaeess bent l i f t s  unladen, extension began e a r l ie r  
than la  s tr a ig h t  leg  lif t©  vmi l a t e r  than i s  the s tra ig h t leg  l i f t s  
w ith loads of 80 Kg. They found th a t  the  M ttm m m  in  delay of
Itsaber extension between bent knee l i f t s  w ith is© load atrl v i th  20 Kg
load© was s t a t i s t i c a l l y  s ig n if ic a n t, fu rllser there  e x is ts  a o ig a if ic a a t 
c o rre la tio a  beiwoea iaereosiag  delay in  tlie onset o f lumbar extension 
and tlio l i f t i n g  of increasingly  heavier weights* Both tlio net extension 
oik! the  to ta l  exctiroion during Ix f ts  were g rea te r when l i f t i n g  with, 
s t ra ig h t  lego than when l i f t i n g  with bent fence© and a sore e re c t opine,
.the differoBOo between the means being of the order of itf3* V/hcu l i f  tin g  
w ith bent Moos there  was considerably more v a ria tio n  in  both iiioasuromant© 
than there  %im fo r  l i f t i n g  w ith . s tra ig h t  legs ,,-
In BovuGtoniu o f .the trunk m  a u n it  l a  re la tio n  to  flic ground tlie
■ to ta l  v o r tic a l d istance trav e lled  by tlio hips war in  variably le ss  tl mn 
th a t  trave lled  by the shoulders* I s  some sub jec ts  they found- th a t  vhet* 
l i f t in g  the heavier weights the kips i n i t i a l l y  rose fa s te r  ilian did the 
shoulders*
They Cotrnd th a t thoracic  spinal cmvomesto were of email .amplitude
and Inconstant in  d irec tio n  in  any of tlio lifts.#;. JmHtnr movements 
tt a il ly  consisted i n i t i a l l y  "o-f s l ig h t  flex ion , being followed by contlmioii
(Jesteasioa* flic* range of lumber vmrmmit was o f ike order of P  t being •■
greater when stooping than whoa bending the Imees. l/Jien l i f t i n g  •’ 
w ith heat knees the delay in  onnet of continuous lumbar extension was 
p ro p o rtio n a l. to  the weight of the load.
Loebl (196?) .made a simple goniometer which had an .eccen trica lly  
weighted p ro trac to r  rotating f re e ly  on a c en tra l axis* This i s  fixed 
in  a narrow bos ires? which two padded feet project. Tm foot are 9 em. 
a p a rt and are placed in  the mid lino Gear the spinous processes* He 
took o am ber o f readings of inclination over the spimtm  processes 
of 176 subjects aged between 15 to  84 years In the upper* mid end lower 
thoracic, lumbar and sacral regions* He measured lumbar movement in  
the s a g i t ta l  plane and found h is  r e s u lts  to  bo repeatab le , However* 
his measurements do not necessarily represent actual lumbar mobility 
because of the considerable d istance between the feet of the  goniometer* 
and m ist bo considered as estimates*
Lindahl (1966* 1968) measured s a g i t ta l  n o b ili ty  of the ludbar 
spine of 58 p a tie n ts  with normal backs. F irs t he determined the combined 
m obility  of the hip and lumbar spine and tlxon sub tracted  the s a g i t ta l  
mobility of the hip  from the to ta l  to obtain lumber mobility. By fairing 
the -two hip jo in ts in  turn lm could, keep © check on the accuracy of his 
results* lie perfum ed the examination with the patient lying 
m  a table over the end of which the logs hung, from the hips. The th ighs 
vero lowered u n t i l  the lumbar spine and hips were fully  extended*- In  
tills  p osition  the p e lv is  and lumbar opine were locked by preventing 
movement of am  th ig h . The o ther thigh m& flexed' fu lly  a t  the hip 
jo in t  u n t i l  a res is tan ce  m& f e l t .  This p a r t  o f the .movement o f the 
thigh constitutes a determ ination of the s a g i t ta l  mobility of the  k ip  
{ilklbfiek & Lindahl* 1966).* fke fixed th igh  was then released  and the 
flex ion  of the o ther th igh  was continued up to  tlio trunk* the lumbar 
spine being thereby kyphosed or flexed* and thus movement w ill  be 
included in  the  measured m obility  o f the lumbar spine* Thus one can
hoaoure tlio t . _ £p * «o of fe . tenner i t r o i  v i ta  on© * ~ t f ire d  •' 
(ttiuip of ©ability of tlio asst tom  m tb tliis tliigti . . . .
. toleaoocl .{ j?a„ of stability .of the- ItrX ar rp£:ie}« Hie nobility 
of tlJtt Itr/iar* ejiiao s v ~ ©titeiruKl by LmbtoacitcssU Cfcic ojrot^iiosi 
v;ic z'cfjmtzd Cor i to  oilier side* Ilo fcmM'that ibc tnritomi nobility- 
■of <bt> la X n r  apiao fo r  toe  ago- ip?o^> SXSy years m £  Lor . ..
£3i?a- grmip iibov*© yearo b8°. to u *  viiM  tsom tsifig. age the iM m m  
■■ggim lieeoBo core rigid. I t  alioald kmmv&r be noted tost tlio 
cC’foeiiv'oiie'u? o f Mp £ o ^ iX to io i t  yas n o t <*fvab<*l by peaao o f 
r~rayof 0 0  tb e t !dr; olaisa io 'l u /e  ooiitovttt! o . sepaitoicm; o f the tuft 
nojorenia rob’Xrou IMrthos? proof.
fmip* ^ocf sai Clmpaaii (!$.&) atacliecl sagittal mb 111% of 
to ?  lat:Ooi? opine airl Mjss 1st SO atofG oie. Hiey | ,2, vogrjrapVot* mmjoofe 
s toy v id to  osie rna l taat&ore s to i lo r  to  ilioao used by Davis &t o l 
fttofi)- ofjoino-t © blael: koefegrotsssl* She \?mo plnctsd perno ia ila ilar
to  tlio emitmtr o f tl*c rbto  o ra r  tlia  me! lin o  of the opinoao process of 
■ L|  and ores? t o  rM u lc of t o  m c v m  a t  tlio lo ro l  of tlio pootorior. 
etiyoriOr i l i a e  splueo. They m do otoc^neiiioiit: c veil pasturess 
f i )  oioopisg %i££h i r t o :  fleaeu  aaO L*toea ©ntcttSedf ( | l )  o spsiiiiig  
t;5X?i toees Cloned im£ fSiigoro tOiielilBg f lo o r  £ ( i l l )  o iitS sy  o ree i td ib  
logo b e sto aa to l om! *®cso o rto ito d f ( to )  u i t tm g  e re c t v itli  liipo out! 
laaotm flowed to  .to°f ,{v) otoMlrig eroot tii t li  osso Imm. re s tin g  on 0  
atoo l a t  iiiti tM jpi, b o 0  iaiocss ts:fceaac$$- C*^) otQBdiBg croo t v i th  one 
fo o t 011 otool a t  ss£v Ic  *oi and Iso s  f s l ly  flo rm li ofcrafilag
rrocL*
Slioy foaaa f e t  tbc lancer vrntohml po ^   ^ lastfoly ooaoofary 
to tbo .posfeal ^latioorliip !iotaoo» tlio trw&f m£ Urn lmm*t Msim* 
lisrxT>v cisid Ii% bcLag goaoi^illy i^ioiod#,- 9wo o f tlio '
total raago of iio^ orsoiit bofeiooii tie o£*oct asa folly floret!
paotnroo Is Is  'Mm f i r s t  fim  positions Is  o i l  of to lcb  tlio
irdslr i& vertical* •; Jjsssisar w r o n t u  c*s therefore second*. ** vO Mmm 
of i t o ' t o e r  Ifetf* providing tlio iuzlimt&m &t Mm tjm£z ro tia to  
- constant* oltliotigli ■ stirlng ike l i f t in g  o f JoMa iM s pattern isay be 
d lo ls ito ff
.• t o  4sida&l {t9Xo and £$58) IVaiip aaS. M s coyoaiiero also 
ooitsxiioti tlio range Of Ittmbas? f lc ^ io a /q ^ s ^ to , sy iXm$ Mm
range of movemaii of 'i!so kip jo in t fro© tlio eoXIaod issrooejits of flip - 
tin# i t i f e r  region* and sw e able to  validate the mtk&3 radiogm|iiically. 
fa ta l mmmmt tmo oktalnod fjgr ©ea curing tlie anglos between the immm 
&&* n tcmgcnt to the contour of ilie apino a t  i l l i n  fu lly  fMm$. ■ 
and ta lly  oKtcsdccl postnraa#'' to f ja r  ••flo^d.^/cktoHr.ioii m e eziSualoii 
by fflibstraotisig tto  average of Mp f lc  ion/#stoaio:i im two aldoij to©  
the d i f f e r e n c e  katuccst tlio Corioml/tnma tu^lea in  two postures. .
t o y  fcaina t o t  Imism iu negatively correlate#
\iiih  t o  ago of t o  m lm  I m tm i  eigtilfiemiily ctroelotoS v/ith ago In 
to n ic s .  In ijoltlier eo:: did ikey fisd  any signlfleant rolaticaoliip 
lio to o n  t o  ranges o f £te£mj/cr* tension of t o  Im b a r  apina ana Mpa*
"r y to n #  t o t  t o  lacon 0 o f t o  range o f sa g itta l e cM lity  of  
t o  ltto a r  region in  laalos.me T9*©S and in to n ic s*  80.9®.-
Hue teokaifxie odpleyod by MnoaM (i95&>#' £038) and to n y , HoeS 
and Clisynn (ipoS) for t o  mtimt&m of sag itta l mobility of t o  iim toy 
apine tiy aobtrootiac? tlio notion of fi% from the oosbtod motif® of tlio 
f l i p - and In. , u  ®pim as an t~ « r  .  Jkdrlenti,; ouch riotkecio 
td l l  tm t o  agy~ a t o m i c  s e t o r m m t s .  - M l i t d t o l  t ^ m a t l c t o
t$*m day to day ore likely  to' annli «lo t o  resu lts &£&n£££cmxtly ( 0 0  
slim#1 kg' froup a |  a t  ( l$ X ). This uoiliocl oloo soerr* to imfax&z tlio ' 
aovmmit a t  -tlio aocroilioc jo ln ir  tMoli t o  so t fees i t o a  into mc&m& 
in  cot t o  ting l u t o r  motion, i t -o f  t o r  only an appro a ^ to .o a t to to  of '
tlio groaa m m m m t of the entire? cpS&g w ith ea i . . a  dorros of e rro r;
msMmtimi c/ nobility of iadivMooI joint- I * r  t oaiiroly out .'of the 
<jtta$i£o% - .
. - / f i r  t 't i t h  e ,
’ C (162?) no a m e r it  of Ids; r trfy  of apical-mvc. s r ir  in
yona* \ f  *> mk£mln and dead entorinl calf iliet tboayli J x  carries! '
: re g tm to  most xM)ilct tlio/dorsal *.u&l leribar' regions are also capable! 
of la te ra l f ie r ie r  oof * ro ta tio n  In addition 'to  sag itta l imv&mniB* 
IMse ilQuim  mm extension, la te ra l f lo rie s  c;ud rotation tore' also 
.hem  obaile# tin oateo-lSyorniic eparatioas as -well no in  the 
l in in g , . ■ ;' , . ' ' -;.
: m m m m m  tm u, 7 ■•
IXr;I:c-r< (2893) insoouref tlio ixriatory noveseni between pairs of 
.vertebrae .in ooioo^lfycseBiors |>ro|K3ratidns o f I« rm  verteb ra l colnpns? 
as-c! tr ie d 'to  reoaaelbx ;bo dlseropsaclea i s  observations snue by Ixbor 
eM  VoH&ssn* ' lie fount! tlia t in 'th e  upper s ix  ttioraelci J o is ts  the 
to ta l  ~'~4tudo o f . rotation .to both sitloa t  * out 10° o't c'oeli 
eai&iatiea* mu tbat below tliio . Im et nobility  decreased m iill tbo 
Xnabor region %ms readied, %&ere be coslf only obtain about 2° 
ro ta tio n  baiveon pairs of vertebrae*
no veil, ( i f " I' straosocl tlin t la te r a l  i  - *011 out! c r - ta i . r o ts t io s  
- are parte of one <*< yeund potion on&. ora intsopablo of occurring . 
separa te ly , Iw ilio r , be oatd .that la te r a l  bending-.in a f la red  p o sitio n  
i s  neaooistoa tmUi ro ta tio n  in  one d irec tio n , while l a  the in ten d ed ' 
position rotation occurs in  tlio opposite direction. • • . .
Eeono (29G£) reported bis erporlneair on necbanicol rotation 
g2 tbo mmeel nmm in  tMoli rotation. of vertebrae oould be protlucof 
vbqn ibe entrcuritioo of tlio" spine rare  fined and. pressure voe- applied . 
on ary of tlio in i e r a d ia t e  "ribs* Tlio z&tdtxm ro ta tio n  vos generally  
e:dvlrIiod by tlio .vertebra- m  vbosc rib  tlio pressure was applied*. ■
2be distortion of - tlio ifljb occurring t?ao proportional to ike trnemk
of toroQ 0mplqyc$ csftex* the i n i t i a l  re&i&ianeo of the r ib  ufui overeono* 
by clianging tlio poin t of ap p lica tio n  of fo rce  lie found th a t  the r ib s  .
could be libelled to' a inp le  levers anil inpliee! ilm i fee e ffective '' .
m n m t  of no tation  xms re la ted  to  tlio d istance iro n  the vertebra a t '  
t-Meli pressure vao applied...
Ilorogrodolsy (i91i) Bring tlio IJirbolneoolado iiieaotirod rotation 
in  four, adult euteo-ligm3entmiB prepamtiono#: &  tbo. tlioracic- region 
!io foantl iliat tlio ospliiado of rotation itacrttsoetl from '6° on eaeli side > 
in  39 year old specimen- to 2®'oa eafe aide in  63 year old cpecieen*
Ho immS tlie Inabar region to na cabbie of fa r less rotation ~ tvm.% 
one-to two t \  ic«s only i n  \ r t ? jo in t to either ride#’ la te ra l f te io n  
a fte r rotating fe e . apeeliaen eoaoidorably increased amplitude of 
rotation obtained fros fee soetmd Xurfenr vertebra clmsr/nruo*- fee 
figures -given by Ho"/ogroilsby are oo fo il mm s**
J o i s t  bevel no ta tion  to  both oltV ; €baage ia  range of ro ta tio n
A l o n e  . E f e r s d  l a t o r a l l y a f t e r *  l a t e r a l
T I - 2 - - 1 3 ° - V "  . 1 9 °  ■
. . . - o.V V
::• •• 3 : 12 1 2  - 0 \r-* *
j  ~  e ■ . 12 ■;■ m
V42 ■ to a
5  -  u 12 ' m ■ -  2  ■
G >  7 12 ■ 1 0  ^ * V  '
"  ' 7  -  8 1 0 9 " -  t
8 '--9 - ' ' ■ 11 1 0 -  1
9 -  10 9 .. m *r* b '
1 0  - i t /  . n ■ * 6
n  •» i s a 8 ' . * 2
m e ~ ^ ■ 5 7 * 2
I s i « 2 h 7 * 3
' 2 - 3 5 10 4, 3
3 - 4  ■ 5 11 ■ * 6  ‘
~ 5 o -ifc* i t •J* O
k .... v
• ' . I 2 , 12 . - - * 10
(Pros -Davia 193? a f te r  Ifevogrodfey £91i)F:
Bradford (1922) oaitl feni ill a flo rib le  opine pressure on.fee riba 
of ono aide w ill tv  lo t tlio opine'at tlio ■ oox*respondiii3 v e rteb ra l lev e l ,*• 
2a d straigh t epino, feisting tlio ;colu&a a t  eitlior one causes? rotation 
a t  fee end trio  ted, bat n o t in  tlio niMille*r Pmrfeoraoro, i f  .tlio spine.-
is  arched l&cUuardo, prcyeuro on ilia top ml the colunr tonmoQo the 
pelvis door not miLoo v erteb ra l ro tation*but does 60 so I f  i*se r;«i;: s 
bant SorvKirdo* la te ra l fio ricn  does oof eatmo verteb ra l rotation. ■ 
i f  ilia votr.zi in hi or criea-dod position*
•' • :<U:iay Lb a ir  apparatus Aadcrcscm• custf Bebsiron ( i f b l)  found tlia t 
tbe forces required to  bring about la te ra l-  flex ion  imio s im ila r to  
'those required to  p ro d u ce .sag itta l motion* m Umir crpori&onis th ey '" 
■m&0 able to  apply 0 mi&iQvy fo rce  hM eh woo constant ihiHrn^tmt tl10- 
lo n g tlre f  the cateis*  . ■ - Sheir oppco^tiio to m :to  ifppii? :tlis; ;
same force to  each specimen anil to  vasy . i t  bp Iguxcn cpisaiiby* iltey  
found - th a t the amplitude of -rotation obtained von d ire c tly  in’oportional 
to  th-6 forea asiplopaa to  bring  about 'thin ro ta tions ' th is  fish in g  fo r  
. ro ta tio n  d if fe r s  froia tlia t fo r  o ther-E ove^nio  idiore taaall fo rc e s ' 
- in it ia lly  produce Mg respemsoe* In the Itmibar regiosi, lH>t,wcrf the  
ro ta tio n  obtained m s  vexy- l i t t l e  tw& increases i e  ro ta tio n a l force 
above a c e rta in  le v e l fa iled  -to 'increase tho amplitude of ro ta tion*
Siaoo th e i r  apparatus pcrM ited  movement only, in  one plane- la te r a l  
i lm im  trn1 rotation could not-he -otudicd' aisuliastoously anil ihio m y  
account fo r  the 161/ amplitudes .of Imt&ar- ro ta tio n  • obtained. .
tM to  {i!)c9); measure cl la te ra l. 'f le x io n  and ax ia l ro ta tio n  In  
a lte rn a te  tso rac le  • jo in ts 1 %  in s e r te d . s t r a in  gouge tfymmtzotoza. (boo 
page76 )*. He f i r s t  applied a 'load to  the m otion' serpent a t  the  • 
a iy -p o s iiio a  (fK$) of the coronal diameter of the free  vertebrae s ta r t in g  
M tli 10 %  and going tip to  yG Kb i tr iO  %  stops*. Following' t l i is  .the 
mtimiBQg&mt %m& thou ''o ittilax ly 'loaded o t  ilio 85 ami the ?*>£ 
positions*  Bach sc r ie s  o f lo ad s a t  ® given p o s itio n  mis followed 
Isf a 5 lalaiito pause fo r  res id u a l deformation to pass.
. ■ 3?o measure rotation he d rilled  0 threaded stool bar (dianotor 4 raa* 
lc  "* i?  'era) .through the free superior ‘vertebra of the motion fiegnost 
concerned along i t s  laid-aagittal diameter in the  tipper th ird  of the body..:
horizontal to the loading platfoxm* tic fixer} a racial ring between 
two ordinary nul& a t  cacti end of the bar k»5 cm m/ay from tire nearest 
margin of the body. ?Ms positioning, caused ilie lever ana of the 
•fo rce 'movement and thus the to rque' to  vary d irec tly ' with the ontero~ 
p o s te rio r diam eters of the vertebrae* Bach of tiie rings was; ; 
connected.to a' loading platform  by a cable going Oyer a pulley  
system so .that equal and opposite-, forces acted on the two ends of- 
thc"bar to  rotate it*  flier; pulley- system could bo adjusted to 
correspond•io; th e 'h e ig h t tmi horizontal position  of the -attached end 
of the coble, flio cable irao. always. held .perpendicular to  the' bar in  
the ©onio horizontal plane. Further, the pulley, system could be 
adjusted to laaiiitsisi these conditions throughout the '•movement* The 
in i t ia l  load applied to  each-cubic was 0*25 Ep and was 'subsequently 
increased by 0*5 %  increments up to 1,75 Ep o r 2,25 Kp, Clockwise 
and counterclockwise ro ta tio n  was then measured*'
• - White found a la te ra l flex io n  o f 3 to b a t each interspace 
tested  without any p a tte rn  of cephalocaudal variation (.Table 3 and 
Fig* 3 ,d .) , Ho found th a t .the coronal plane n o b ili ty  was'g re a te r  
than that in the sag itta l plane,.. Axis! ro ta tio n  .was found-, t o ‘be in : 
the range of 2-6° w ith'the caudal-east section a t  the
lower end of-the range (fable b -and Fig, 3*B.}, lie discovered .tha t 
in  .the upper p a rts  of the thoracic  region there was rela tively  marked 
and consistent coupling of axial rotation with la te r a l  flexion* The 
direction of the coupling was such that the ax ia l ro tation 'of the 
vertebral body was into th e •concavity of the lateral- curve* In the 
middle and a lso  in the lower regions, o f the -thoracic • spine the same 
p a tte rn  s t i l l  existed  anti probably 'dominated-*' However, i t  was -neither 
es sarired nor as consisten tly  present* The removal, of the p o s te rio r  
spinal" elements -resulted in  significant increases in the amount of 
motion obtained* .
LATERAL BENDING
In ta c t  
□  W ith o u t  P E
Th 1-2 Th 3 - 4  Th 5 - 6  Th 7 -8  Th 9 -1 0  Th 11-12
A
AXIAL ROTATION
W ith ou t PE
Th 9-10
Graphic rep resen ta tion  :o£ means of. standardised 
motion. A. of-combined la te r a l  bending, B. of 
ax ia l ro ta tio n  a t  d if fe re n t v e rteb ra l le v e ls , 
with and w ithout the p o ste rio r elements (front 
Mute* 1969).
Measurement of • la te r a l  flex ion  in the liv in g  has .been accomplished 
'■ s a t is fa c to r i ly  by radiological techniques though tho determ ination of ; - 
axial ro ta tio n  has posed considerable problems. The ch ief d if f ic u lty  
l ie s  in  recognition of reference po in ts on the vertebrae vhich can be 
follow ed. throughout the movement*.. Vertebrae ore concealed deep v i th in  
the muscles rendering th e ir  movement' unrecognisable and' to ta l ly  beyond 
the scope of existing techniques. fo r  precise measurement*'. . R otational • 
movmcnt .6f the opine asy bo- siisrolotcd by the movements of- the "shoulder - 
g ird les-and thus measurement-is rendered m orfe'3difficult.^H oiever, 
q u an tita tiv e  sea stir ements of axial ro ta tio n  in  the liv in g  have been \ 
booed on d ire c t  observation of "the living body.
■ jiMijMjmcMj - ■
Dittexir (1931) used radiography to  measure the amplitude of ax ia l 
ro ta tio n 'o n ly  to  find th a t  i t  mm im possib le .' Immver, be did • find both 
l a te r a l  flex io n  end a x ia l : r o ta t io n . occurring together in  • the lumbar region 
the movement xmn such th a t  -the vertebra a t  the leve l o f ' flex ion  ro ta ted  
in to  the. convexity of the curve# • Be • demonstrated th a t la te r a l  .fles io n  ' 
in  tho lumbar region \m& g re a te s t between and L^f and L;? and'
In the thoracic  region he found th a t the la te r a l  flex ion  xmti associated  
td tli  ax ia l ro ta tio n  in  the opposite d ire c tio n . Further .he found that, 
a t  the jo in t  Ta- \ 0 none of the vertebrae ro ta ted  in  any d irec tion*  ■■ %JL &*£
Bahbe (1931) a lso  employed radiography, to  measure la te r a l  flex ion  
and a x ia l ro ta tio n  in  the liv in g  and" reached 'the same ■ conclusion about 
i t s . u t i l i t y  fo r  such measurements# • .Although ho mesoui'ed la te r a l  flex ion  
a t  each thoracic and lumbar. jo in t  in  s ix  sub jects aged 13 to  23 years 
ho - conic} not measure ro ta tio n . • He found th a t in  the thoracic  region ’ •
ilisTc mm g small amplitude of la te r a l  f ic t io n  but in  ike lumbar region 
I t  Increases .' At t!ic lumbosacral jo in t  there  vas im n  la te r a l  f le x io n . •
■ than a t ' those -abdve l t f (ace Table 3)*
: Mvitc (1949) raoaourcd coronal, plo&o sp in a l.n o b ility  of the lumbar 
region by radiographic sjothods.. Ito standardised the postures by- building' 
a stand fo r  the subject®, and -podded.-fixing devices fo r th e ir  pelves* Use 
sub jects were placed trail? th e ir  back to  the -stand and the. f ix a tio n  
opijaratus was. adjusted a t  the co rrec t le v e l. The subjects' were to ld  
to  move the' whole of the back fross head to  pe lv is  to one side t i l l  they 
f e l t  th a t th e ir  pelves were being tw isted between tho supports, cm' 
exposure was then taken in  th is  p o s itio n . . The process was repeated 
fo r  movement in  the o ther d irec tio n , and an. th ird  p ic tu re  was taken in  nn 
e rec t p o sitio n .
,. -Alvih found th a t  ike range of movement in  th o ■ coronal jjlane.uac 
g re a te s t between 1^ and X^. I t  diminished uniformly above, th is  po in t and 
rap id ly  IhjIow- i t , . and was le a s t  between 1m end ho found th a t  • there 
was l i t t l e  d ifference in  tho m obility  of the.4 ©pine in  .the two sexes bu t 
the range of -movement fo r  both in; the coronal-, plane van somewhat le ss  
than in  the s a g i t ta l  p lane .
Arkiii (1959) studied ro tation- in  la te ra l  .flexion by radiographs 
crnd agrees w ith  S ie ind lc r (1999) who said  - ^Concave side  ro ta tio n  is. .-not the' 
expression of a na tu ra l tendency, bu t must be the r e s u l t  of some a c tiv e  
m sc u la r  e f fo r t” • lie showed the e f fe c t  o f aciivopsoas contraction 'and 
noted th a t i f  the in te rtran ,w orse  croscles on., one aide of a normally ■ 
lo rd o tic  lumbar spine are in  epasn, they tend- to  produce a curve concave 
to 'th e 'a f fe c te d  s id e , w ith concave-side ro ta tio n , Thus lie concluded th a t  
the in tr in s ic  nockonigia fo r  ro ta tio n  in  costMnssiion w ith  la te r a l  dev ia tion  -. 
in  tho noroal spine depends upon o o ft-tiso u e  tension ra th e r than upon . 
arrangements of .the sp inal a r t ic u la r  -facets. ■ Tho’ behaviour may be
• o&xaari&od by s ta tin g  t h a t .the s tru c tu re  under the g rea te r tension w ill  - 
describe the s tra ig k ie r  l in e .  Tliiriy-nino roentgenograms of five  sub jects 
allowed o tendency to  convex side ro ta tio n  in  hot!? flex ion  and extension- 
o f ' the la te r a l ly  deviated liv in g  opine.
Using x~*rays, Tana (1993) studied la te ra l  flex ion  and ro ta tio n  in  
ton d iild ren  and 45 ad u lts  in  tho r e a g e n t  p o sitio n  and analysed h is  
film s !*y the method of Begg and Falconer (1049)* Toaz'found th a t la te r a l  
flex ion  occurred through a range of about 2/jrclo th a t of s a g i t ta l  motion, 
and th a t the range decreased w ith age. T he 'g reatest decrease come in  the ' 
second and th ird  decades of l i f e  a f te r  which the ra te  of decrease was 
g rea tly  reduced,. Though-Tans was unable to measure ro ta tio n  of the 
lumbar vertebrae he observed th a t tid e  notion  i s  s ig n if ic a n t and i s  not . 
n eg lig ib le  as w as'suggested' by S to ind lcr - (1935)• In  la te r a l  flex ion  ho 
■found th a t ro ta t io n .a t  tho f i f t h  lumbar space appeared considerably lees 
than a t  any.other in te rsp ace? •th is  being true  of ch ild ren  oc well os 
a d u lts . Ho noticed th a t sn a il degrees of la te r a l  flex ion  o r of ro ta tio n  
could occur w ithout the oilier- but th a t  fu r th e r  movement of one type 
always produced tho o ilie r . '
B arnett (1959) took radiographs of four male subjects w ith th e ir  
pelves fixed .in  -o frame f i r s t l y  a t  r e s t  and then w ith th e ir  trunks 
ro ta te d . By comparing the x -ray 'p ic tu re s  he found in  two of th e  sub jects • 
a considerable magnitude of ro ta t io n •in  the lumbar section , but again 
was unable to  measure i t .  .The lumbar ro ta tio n  was accompanied by la te r a l  
tU x  ion , the compound movement -being of convex-side ro ta tio n .
Seholimtseh (1958 ) studied lumbar m obility .radiographically'-by 
placing the subjects in  a s i t t in g  position  aiid asking then to  perform 
extreme la te ra l  f lex io n . Ife found an average range o f movement in  29
m rm l  subjects (11 taea and 18'women) of -an average ago o f 54.8 years
. - 0  '.of 48.3 ♦ Although. the segmental m obility  esried  considerably between
d if fe re n t  ind iv idua ls , the g re a te s t •t-joveciexii occurred mi overage between 
the jo in ts  of l#„ ■ „ and lu  *• The sox and age of the fetibjeeis • ;.d — p J ~ *i-
studied did .not seem to  have any d e f in ite  influence on sp inal m obility ,
' Jonh'and van Hiekerl: (3,9^1) studied sp inal m obility by conveationtil = 
rad io log ica l .methods in  92 Bmita subjects* measuring the ranges by Begg 
end falconer*s method* xhey found th a t the range of - la te r a l  flex ion  
of ’ the lumbar sp ise  in  the  Banin was from 70 to 75$ of the to ta l  range 
of s a g i t ta l  movement, ••anti was e sse n tia lly  limiffed to  the .'mid'lumbar region- 
(see Table 5)«- • Ageing did not seen to  a ffe c t la te r a l  flex io n  in  the 
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VdlkooaB (%M7S.) measured rotational- movements of ' tho -vertebral' • 
column %n- two living subjects* Bis sub jects stood u p rig h t•' looking 
s tra ig h t ahead and th e n .turned th e i r  hoods' and trunks to one aide.as 
far as -possible w ithout moving th e ir feet*' He thou measured .the amplitude 
of rotation of the polxde# the. shoulders, ond the head* He found a 
ro ta tio n  of-about 2I>° in  the cerv ica l region to: one sid e , • and 25° ia  
the trank*. Ho somehow believed th a t  rotation did not occur in the lus&ar 
region* Guerin (l8?o) meaoured the magnitude of la te r a l  flexion in  
■■various regions of the opine by similar iseibods and found the g re a te s t  . • 
movement i s  the nock, loss in  the loner thorax, ‘ le s s  s t i l l  -in the upper 
iho'rax, and p ra c t ic a l ly ' none in  the lumbar region*
Lovett (1900) re fe rr in g  to  extensive examinations of normal 
ind iv iduals and h is  c lin ic a l  experience s ta ted  th a t  la te r a l  flex ion  
of tlie spine i s  invariab ly  coupled m ill  ax ia l ro tation*  Further, he 
s ta ted  th a t la te r a l  flex ion  in  0 s a g i t ta l ly  flexed position-causes 
ro ta tio n  in  one d ire c tio n , while th o i in  the extended p o s itio n  coupes 
ro ta tio n  in  the opposite direction*
Cyriax (i92h) described -mi inexxienoive method of measuring 
'fjro iaiien* .' He called  Ms device the '’Spinal -tcrsiononeior’V  I t  
• consists  of an - aluminium block measuring about • 10. cm ..by 7 cm w ith o 
scale  graduated in  degrees; above th is  m& •suspended a fine  needle which 
read the angle a t  which' the block was lying# Tho person to  bo examined 
was placed prone on a couch; a lin e  is  dram w ith a ' demographic - pencil 
.through. the t ip s  of • th© spinous' processes in  the region desired* ' togctlicr 
with transverse lin e s  through the taiddio of each such process. The 
iorsiouosm ior i s  placed - transversely  on the po in ts of in te rse c tio n  of 
the* lin o s  on successive vertebrae - and the m ount of rotation d ire c tly  
read off* Ho co rre la tio n  with' o ther seiliocle o f measurement %/as reported*
ana the method .appeal's to have l i t t l e  p ra c tic a l values.
Gregerses fl.966) .and Grogeeeen and bacao (196?) studied on ial ' 
ro ta tio n  of the human thoracolum bar spina in  vivo in- seven male subjects 
o f ' ages between. 21) and So y ears. : $hoy. in serted  • lli&ixwommpinz . in  the 
v a aoO'-lisabsr spiiioua proeoBscs- ami made Giroei. measurements of the .
' angular diBplaocRioiits o f tho pins . during 'axial ro ta tio n , fhesa 
stud ies vcro performed with the subjects standing, 's it t in g ,'b e n d in g  - 
:la te r a l ly  and during level' walking#'
tlolotivo displacement of tho pirn was measured by a re la t iv e -  
ro ta tio n  transducer attached ' to  one of the pins .and suspended i n . ;
u way th a t only horizontal ro ta tio n  about tho v e r t ic a l  axis,.of tho e re c t 
spine; was transm itted* T h o  angular motion-of -tho ro ta tio n  van converted 
in to  l in e a r  motion by the transducer and %m-& reg is te red  by. a reco rder, 
fbey , irjsnzobalisotl the pe lv is  to  a large  extent, by m t m m  of a  sacraL b e l t  
to  which a fu r th e r  rod was a ttached , and any siaall .'amount of pe lv ic  
ro ta tio n  recorded. by the sacra l b e l t  rod was deducted frota the amount 
recorded from the thoracolumbar pine' to  .give the..actual ro ta tio n .
flioy found • a m xiim i of 0 .5 '' of ro ta tio n  to  tho r ig h t  and l o f t  
a t •th© lum bosacral'jo in t during stand ing 'and i.& ° during s i t t i n g .  In 
both positions. a s l ig h t  amount o f add itional ro ta tio n  occurred in  .the 
remaining lumbar vertebrae * The average- add itional ro ta tio n  obtained 
.throughout the thoracic  region iras 5° to  each s id e . They found acoie* 
indiv idual v a ria tio n  in  the p a tte rn  and am irnt .of - ax ia l ro ta tio n  
observed' in  iho ii' su b jec ts . Shoir. f u l l ' find ings are  in  tho following 
to b ie s .( ta b le s  6 and 67)*
T m i M  $ .
U'ull m Lh vmmi(m of mi TimxMimmmi shoe* mimmx position
hovel <!.!>. 8,0* B.P * P*<lC p .t . J.lf* ’ lh\f.
Potation  
fo r  each 
leve l
.Ho.of 
suhjoeie
' ' 2-1 109 99 102 . ' • 2
, M 70 ;■ 70 • I- '■
7-3 70 70 t
63 . 75 • 69 . ■ 8
$-5 91 ■• ' 51 i
M  . 90 -v;.. 69 62 o : **
7-7 47: 43 50 59 . 50 4
T-Q .42 43 ■ 55 45 ■ .5 ' ■ -
T~9 • 49 ' 49 ■ 1  ■ ■
, -.M0 41 41 -6 1 !.:■
'4411 33 ' 35 ■ i
7-12 ■ 18 34* 29 30 ' 88 4
■ ■ L4. 18 ■ 18 : 1. i..
h-2 ■ . IS -. 13 16 ■■ o#*
1*3 n . i j  : . f -
Uh- ■ 19 15 1
h~5 17 . 13 9 ■ 13 - 3 ■
Pelvic pin (SO) Ci)
Ho*of pins 6 4 o 2 ' 0* 8 ■ ■ 4 7otolj54
4> Bnhfject had'two mpazato. s tud ies of f-42*-; Bio (mount o f ro ta tio n  reported
hero in  the mxbmn  recorded fo r him a t  th ia  level#
S&LB .7 ;
m m m  m m h m m i m  o f m i  Timmmmmm, sm m : -sTsmm m hvsm i- ,
. F e ta tion ■ m ,  of
Level J .P . 8 *0 « ■D.T, fo r  each OnOjeeiej
■/.Level... •
* \.> - ■>
•A!;
■f~4
■ SVS i
r*» f
-2-9
m o
T -ll
M 2
h-%
L-“w
h-5
L-4
i>-5
Pelvic pin
Ho .o f p im
70
4!)
33
29
74
45
49
4%
(3)
2
8?
88
99
39
13
-11
83
49
8 7
?0
74
83
‘57
48
34;
44
29
15
I t
2 Total: 1<)
Oregersou and Lucas found that during mmual■ level xmlhing on
0a treadmills oao half of the t i l in g  cycle vm  accompanied by o 5*1
, - O 'of ‘ro ta tio n  a t the f i r s t  tho rac ic  and 15 .•o f s ta t io n ,  in  the opposite' 
d ire c tio n -Qt tho f i f t h  itcabar level-*' There appeared to be a t r a n s i t io n  ‘.. 
point in  the .thoracic sp ine•'‘between the s ir  th emit eighth thoracic 
vertebrae above -which, the rotation ams in th e • d irec tio n  .opposite to 
th a t I.20X01? it* • Individual and group average figu res .are given in 
ilio .relieving table (Table 8 )t
TABLE 8 . ' '
. gsxiiL PBSAffxoH op rnn m oim onm M i warns umh vminm ■
■ Rotation. .for 
«> *13« D 41 * - P*Q# I)*f» t/*!« * £3*1/* men Level
Shoulder ba r’ 5.4 6 * 1 - • ; : 4 .1 m <■> ,? • <j
7-4 5.0 5.1 ■;.•■' ■ 5.1
7-2 • . 7.0 ;  7 ,0
■ 5 ,7  ' ■ ' 3.7-
7^4 f r*»it A i — * *«»r # &*V.J?
T—5 5,0 5.0
$-£■ . 6 .4 0^ 5*2tr* * 0*- 0* /' 0* : 0*
i> 8 ' : 2*0 2*0
$-9 5*2
7~io 4.5 4.5!?.«jL. rt f, . +***£■■ *4. v 5.4
$-42 : 9*2 • 5.4 5*6' 6*1*•,Lr^ X . ' 5*9' 6*0 ;' . • • ' 6 .0
2*43 6*8 n • < 0*1 r-*» p*imJ
Ai-v# 7 »1 : 7.1
M i 5.4 : 9*4 :
L-5 r; i t: v J* 1 / *0 5,9
.Pelvic pin 7.4 #■•<1 «*■ r £ •*/
Ho,, of pins ' 4 i 0#* 7 s '  2 . ■ T o ta le50
c- •
A tainissaD .m ount o f 'ro ta tio n  -oecnrretl a t  th is  le v e l; th e  d irec tio n
wa& sosioiines ilia i .of. pe lv ic  ro ta tio n  and noneiimos that of sh o u ld e r
g ird le  ro ta tio n .
t CSubject J.K* hod -two separa te’ s tud ies  of $-42 during xmHsisig* 7m  
jo «nt of rotation reported is  mi overage fo r  Ido a t th is  lev e l £0 : 
hm • studios.*--
Biribor* Grogersea cot! Lucas found th a t ax ia l rotation invariab ly  
occurred v ith  l a te r a l  flexion*, This aupporfcs the concept th a t ox ial . 
rotation is  an integral sieilou of the thoraoolun&ar spine during 
l a te r a l  bending# They did no t confirm Hmn*8 (1953) observations' th a t  
a liaitoO degree of d isc re te  la te r a l  flex ion  or ro ta tio n  in possible# '
M i m  T m ' v i i m  i q x x
Translation along the? vertical axis w ill bo canned by coqprossion- 
dr diDhraotlon ©£ th o s p in s .  vJohgr (182?) showed th a t .gross elongation 
or shortening .of the eoltina was no t possib le . V ertical eonnrccsivo. 
aovemenia' of the opine have boon extensively  investigated  in ooteo- 
ligamentous preporaiiona. bince.tlie lite ra tu re  ©£ -such investigations . 
boo boos reviewed elsewhere (see Memochanies of 2aib£xi? Gpino) .only ■.
.a .passing reference v i l l  bo rsade hero*
.• (' : ■
• Is. v e r t ic a l  compression the vertebrae Lave been g en era lly  re&ai'detV
oo solid aon-couiproBsible parts of the specimen anil i t  Isas boon thought; 
.that any long itud inal deformation arose.fron/changes- in  the in tervening / 
-'disco (Virgin# 1931? Kirseli and KaeLeasOiij, 2-9541 Brown* Hanoon end Torra* 
2-957? Virgin# 2.958? Eio*. Ipvb). Bm-ocer* bmlili end .Stephens (l?L*8) 
elz&n th a t uo&er such compressive forces the  - ad jacent vertebrae ©f a 
sp inal n a i i  undergovsup to  about 20jl ’of tho to ta l  .deforoniiosu ho •'. : 
esrperiosntc have boea done to dofcenaino the mgEitacle of ©oissressioa . 
undergone by the vertebral bodies vhen a ’ section  of spine containing 
taoro than mo  intervorlobra! disc is  iijvolvoil *g Thatiiulge o f  the onmilus.. 
fibromas lias been ©ensured during loading by Ilirach ' o$u1 Ifcehctssoti (1934) ■ 
s a l  by Brown* Bunsen and Torra (1957)* vfeo report that both compression - 
nvM bulging, are greater in degenerated il&n ia  lioaltliy discs* Virgin 
( i9 5 l)  repeated the to s t  |>crfornod by Gbche (2952) [queiod by Bolan&er 
I960j  and confirmed h is  finding that* in  young'ind iv iduals with higher 
water content in. the nucleus putposus# the d isc  ..shoved considerable '
■ clootie deforoatiou- on ' loading. The to ta l ©oiiiraction -of tlio whole 
. lus&ar spin© is  of the order £>£ 5 (UirsoU G Bachesson# 1954; Brovsx# 
liassos t. T'orra# 3.9571 Bvasie 6 Idss&er, 19591 ItoXenslcr* X9-ViX
Ib tho living there have bees rela tively  'fox? investigations in 
th is  regard*- :Code, Gilliams# Balden and Blimsley (i94?) tool: antero-
p o ste rio r and la te r a l  i^diographe of -ting lower part of the spinal eoluiaas 
of four subjects before and during po x i/e accelerations of 2 to 6 g. 
Moosuromato of tho tuabar in ie rv e rte b ra l spaces and of tlac length of the 
■ItEahar p a r t  of the sp inal -column revealed no s ig n if ic a n t -©Images in  these 
roam irehcats during .tho acce lera tio n s te s te d .' :7hoy therefore! concluded 
th a t  in these iionaal subjects th ere  was no eorapresaioa or Gloriacomo-ai 
of the in ie rv e ria b ra l d iscs  #•
Gray cmd Hosldag (19&5) studied rad io lo g ie s lly  the e ffe c ts  m  the  • 
width of the lumbar d isc  spaces of sustained sp ina l tra c tio n  by u t i l i s in g  
tho body weight Goya an inclined  'pltfbo w ith o polished surface* The 
sub ject was secured to  the head end of the apparatus by oecms: of a 
harness oneirc ling  the lower p a r t  of the -thorax im cM oto ly  ’below the 
leve l of msimwi M anetor* Tho lieact end 'of the apporahao was 18 inches 
higher tlsan tho foot end* tsal&C an angle of approximately 12° w ith • 
the horizontal* The re s u lts  ©how 'that compared w ith the horizon tal - 
supine position  the lumbar d isc  effaces wore widened s ig n if ic a n tly  a t  
ms-angle of - 10° a f te r  tra c tio n  fo r 5 minutes* m 3 even more s ig n if ic a n tly  
a f te r  the tra c tio n  fo r  80 cdsmtosV tho to ta l  lumbar elongation being 
of the-ardor o f '5  ' ■ - :;
T ranslation along tho s a g i t ta l  ax is nanely cm iero-pootarior 
displacement of the vertebrae: Is  ewlrenely lim ite d  and le a  boon studied 
'by only a ion vorLwn*. Eta&te&tfei (1944) inooineG the lumbar -spine w ith 1 
p ro file ' x-ray p ic tu res  of p a tie n ts  in  the uprigh t p osition  as well ‘©c 
in  extreme flex ion  and extension* lie' found .th a t in  tho-normal eases 
. p a ra lle l  displacement does not tube place between tho v erteb ra l Ladies# 
cttooih angular movements only occurring*.. .,In degenerated discs# ho': 
rem rhod, there  often  appear aigue of in s ta b i l i ty  in the fona of 
p a ra lle l  dioplaecDoais and almost^! t i l t i n g  ssovootmto between the 
vertebrae* ' Jmgclatam (1949) morustired such. dioploecmento radiograpSdcally 
anil found the m gniiude to  be -limited to  X.i-sd or a t  tho most 2 use a t
m<sh Ixzfi&v joint* - .
Trmsulattex a lon g  tho coronal plmo nmoly I Gioplaodisest
Of tlio vertebrae was eeamiml by bolamier (19-64) in  osteo-ligatioatotio 
p£®l>amitm£.tey' Iwzimni&l M&plaommt gat’g e a . Ha fouud ib a i  i w L "  
la o iie ir  seldom  cxceeGcd * I  m  rrntl was n ever rsore thcsr.* ? ia *  :-
i-ETJK-ime/iL mrnzm m n  s m m  im io n
Solutlts and (fa Ionic (ip/O) have co t up a las theme t ic a l  model .to 
■• p red ic t the-pa th  of notion of the v erteb ra l caim an.." Tho verteb ral 
column i s  coasiderad os ct. tliroo Giiasmdoaal co llec tion . o f r ig id  bodies 
.interconnected by'. deformable or fixed length elements#'. I f  the elements - 
a re  t» i sd to  be isdcfonsablo# • then i t  i s  only necessary to  analyse : 
th e "geometrical configuration  of the un it.-
A qyotcm of throe C artesian coordinates tmd-Buler angles i s ' need 
to  define the -position of each v e rteb ra l' body - in  spaee# - S is  ..points 
a re  se lec ted  on © v e rte b ra l ' body - whose p o sitio n  m ust■f i r s t  bo bnowsi#'
. Assuming-.-one. v e rteb ra l body to  be r ig id ly  connected • to  the ad jacen t . 
v e rteb ra l body and oub stito tin g  -. the :lg-values fo r  tho - d istances between -
tho selected  s i s  - points'.and the..cojrcspeadlsg po in ts on the adjacent 
body in to  tho geom etrical configuration  equations th a t have been derived# 
the po sitio n -o f the ad jacen t .vertebral body' can be calculated#
Adopting th is  .procedure, th e 'p o sitio n  of the e n tire  length of tine - 
v e rteb ra l column in  space-can be located# *
Using p ra c tic a l values fo r  the d istances between, two .adjacent - ■ ' '
vertebrae E d ia lin  and Galonie (1976) found th a t  simulated motions in  • 
.-flexion, extension, .-■ la te r a l  flex ion  and a x ia l ro ta tio n  of tlio v e rteb ra l '• 
eolnssi a re  anatom ically reasonable# I f  the connecting. elements a re  
taken to  bo deformable,' os w ill bo the ease in  l i f e ,  the assigned values 
fo r  tho d istances !m re.-,to bo adjusted  accordingly from a. cdhsiderotlon 
-o£ a so t of force and o ^ a iltb r iu a  equations#
• - I t  should be- noted - th a t  the m thecjaiical- model derived by 8clmli&& 
mid. Galenic gives only o possib le  p o sitio n  .of the spine* a t  any one po in t .; 
'in time# . Since each of the poin ts chosen on an a d ja ce n t• vertebra  has.
-sir degrees of freedom,' there  are  os.many possib le  values th a t .one can 
assign t o ■the d istance between a p a ir  of corresponding points*. :Therefore#
the n a th e m iie a l nodel caxmoi si&ulQle or determine the  exact p o sitio n  
or motion of the aplao even whoa the position-of. ooe,vertobrol body
in kao'tm..
7  i z m t m  :
■ ••''• IMgLi-3L t i. iwotm  large ecnprcc©:? v© forces acting Is  Urn /
I lc s r  omIu of *.’*© spine* .ffee. c3Sgni:tuGo of such forces Bepeado u i « v  ■ 
given mononfc on the .mmaiit -of the we glii boitxg l i f te d , . i ts  accelerations, 
z n u l  t!:o posture ofgtb* . t m v a k *  f b o  interaction, o t . t b m o  m t i t i o B  
M iom m m  tlio ;ntrm gt!i o£ iBKseuIar ■ ooatraction'-'^oquii?ed lo r  the  ; ■
.•■ aocespXi&Lsfsut o f the ; task* •.-,- To begin triilt* in-the s  tending p o s t e d  v , / /
, fiio omits?©- of gravity o f  ihe-.tes&  lie® in or .m iev ior'to  ilte f i r s t - 
lurbar . verted c femme md K  aches?* 1880) .  'Alloa, I&IS;. Kbltqa & 'virigM ,:
. 2*?vf>; Ployo G S i lv e r ;(1059* 1955) tiav© atom . .-that- tberc i s  
m  nnsmiiav ac tiv ity  w ta t  the muly i s  la  th e ' balanced m ri^x t poult lea* ,
Thus i t  scons th a t , uhea;©root the weight o f 'tlio'h m % F above c gi^ea. " -.
v erteb ra l so /peat a c ts  as a' dircet'-.ccs^rdaslve force upm th a t a c c e n t#
Vie stingo of iEiC artlCBlatim  of the f if th  luabrB with the f i r s t  seer&l. . 
vc*: tebra In such th a t le a  * k n I .eisxprcssive force® resolve In to  two..., 
iVnjoacote* ima compressing’ t!s© relevan t in tc rv e r te b ra l d ine, - the o th e r  
•tending i e  slide" the  f i f t h  lumbar vertebra  fofwarea Into the pel v ie ,  a 
C oalition  bacam as spondylo listhesis .-{Bavin, 1991}. -As one stoops. tlie t r s ik : ' .- 
u i ' p i ' o a o k o B  the toricental cmcl the mechanical ' analysis booses acre ©eradicated 
and one !ms to  consider'-both the juuceiilo^olroletal mecLaaisar and IV? t * o~ ■ 
factors#  th© epiiie and l ie .  muscles a re  .ccmccsmcd* a  iinml; in
ioiT;ar,1 inclin& tian i s  belc l.ia  position ' !y  two 'e tpa l m& opposite in tton  
fextiiag a- !£©©bunie&l-' couple# One of these fo rces i s  produced hy eoa trao tlea , 
.&f the exactor spina© group of isuselesptlae o th er ie  th e  -coBpassivo -force v . 
coting  io  % ilL fIn a lly  th rough the  ‘.vertebral budie© -mid. their-dine®* ***© . ..
pcspaodicttiojc; ‘<££®tuace befct/oen iho&o - vecto r fo rces I© tlie leng th  
of the lever u — acting  to  extend the  ©pin©, ag a in st flo a lo a  fo rces •■
Intncod by gravity# At 'the lts&Ktai&J&l; iniervorfcoteil.■ d isc« when tho . ,
te&i1.: it* fu lly  a tc n p 1* its© length of th is lever .asm io  tmo ai&tte-
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Fig. 4
Diagram to show the forces developed in a maintained horizontal position in a human 
trunk in a stooping posture (from Troup, 1968)
E is the extensor force of the erector spinae group of muscles,
V is the compression caused by the vertebrae at the lumbo-sacral d isc.
Both these forces together constitute the mechanical (extensor) couple.
a is the moment of the mechanical couple and the lever arm of the couple.
M is the force of the body weight acting through the centre of gravity of the 
upper part of the body.
b is the distance between the fulcrum of the forces and the centre of gravity
of the upper section of the body, thus it is the lever arm on which force M
acts in this position.
In order to maintain a balance in the horizonal position about the fulcrum (the 
lumbo-sacral disc) the extensor force has to equal that exerted by the body weight. 
Thus E x a = M x b.
Further, the relation of the extensor and compressive forces, namely E and V
to the body weight will be determined by the ratio of the length of the lever arms on
which these forces act. Thus E and V are equal to M x a^
Diagram to show the mechanical forces acting in a maintained inclined position 
in a human trunk (from Troup, 1968)
M cos a
L5
E
__ F ig * 5
E is the extensor force of the erector spirae group of muscles,
V is the compressive force of the vertebrae at the lumbo-sacral disc,
Both these forces together constitute the mechanical (extensor) couple.
a is the length of the lever arm of the mechanical couple.
M is the force of the body weight acting through the centre of gravity of the 
upper part of the body.
b is the distance between the fulcrum of the forces and the centre of gravity 
of the upper section of the body.
a is  the angle of elevation from the horizontal.
Therefore the lever arm of the weight namely the perpendicular distance 
between the fulcrum and the centre of gravity will be given by b cos a « To 
maintain this inclined position the extensor force of the erector spinae muscle 
group have to match the body weight. This static situation is given by E x a  = M x b tf  cos
The vertebral compression at the fulcrum (the lumbo-sacral disc) in this inclined
position will be the sum of the mechanical couple and the direct compression of the body
weight. It is given by the expression V = M x sin a +  M x cos a x ~a
of the lever uvti on vliieh' tho %miglit acts [tli stance between tho lurjho** 
sa cra l. d isc and the centre, of gravity  o f  tho ■ upper portion of the 110%' 
(Davis, &<K&a)]» Therefore tho "ojdnal" onteasor couple io  a:t a '6$i 
disadvantage in  relation to tho m ig h t, implying a : r.ix- tines greater 
magnitude o£ the extensor ; forces nodded to hold the trouts in  the 'flexed . 
position than vhm  standing upright (Fig*■&*)*. . For positions hotweca . 
hox’isoata l unci .vortical, •'the comprcseioh a t tlie iuisho-stioral d isc w ill  
ho in part due to the mechanical couple and. in  part to d irect compression, 
of the vertebral bodies by the:..body-weight'.(Pig* .!>#}• Both these • 
cpzaniities vary id  th the angle of - inclin ation -of the' trank,' end. in  
addition the length of., tlie lever am on which tho weight" octo a lso  • 
'depends upon t  1 m chjr. ' Tims as the trunk moves from tlie■ horizontal 
to the .vertical-position , the magnitude of the mechanical couple-■ '• 
continuously"decreases■ -and tho. magnitude of tlie-direct '.compression of ' 
the body weight' progressively increases*. .Wheii: mpM  extension' of .the ■ 
trunk i s  required, or whenheavy weights are being l if t e d , the foregoing 
considerations apply,- but' a further mechanism comes' into play. '' This. i s  
provided by increased' intra^abdominal- pressure-'caused-by simultaneous '■ 
contraction of the diaphragm, levator a n i , ;oblique and transverse 
abdominal muscles, sometimes supported by...similar increases 'in pressure- 
■in the thoracic •cavity* • The operation o f 'this' pneumatic mechanism \ 
vithrbending moments above a certain ?  ^ n^xaxdo has.-.been described by 
Keith, .19235 Davis, 195&? 1957$' 1959 a*-b| Bartclixft, 1957# Horrio, 
liucac and B resler ,: 19^11 Bavin ©atV Troup, 19% . ■ I t  has been suggested 
that the abdominal contents behave os 0  flu id  medium (Ovorholt,- 19311 
Murphy' end llengert, 1935S bam, 1959# and Bushmer, 19Tt>) when the 
intmnbdorsinal .pressure i s  'increased - the abdomen,tohnvea .lik e  a *fluid  
ball* or *nsnscular' skeleton1 .(Barielink, 1957)*". Hie- magnitude of the 
iaira~abd©sainal pressure 'has been found-to be. generally correlated with, 
the load being lifted*-. With the pelvic -floor, and anterior, • la tera l and
developed in a maintained horizontal position in a human trunk in stooping posture 
(from Troup, 1968)
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E is the extensor force of the erector spinae froup of muscles,
V is the compression caused by the vertebrae at the lumbo-sacral disc.
Both these forces together constitute the mechanical (extensor) couple.
a is the moment of the mechanical couple and the lever arm of the force E.
I is the vector force of the intra-abdominal pressure acting in an opposite
direction to the force E on the other side of the fulcrum thus assisting E.
c is the perpendicular distance between the longitudinal axis of the spine and 
the line of action of the vector force I.
M is the force of the body weight acting through the centre of the gravity of 
the upper part of the body.
b is the distance between the fulcrum of the forces and the centre of gravity
of the upper section of the body, thus it is the lever arm on which force M 
acts in thi s position.
With weights held in hand and consequent increase in the intra-abdominal 
pressure the compression at the lumbo-sacral disc will be given by the expression
b ^ a + cV = M x — -  P x -------a a
E
V
I
M
Flexed posture
E
Fig. 7
Partially extended posture
The comparison of mechanical advantage of the two vector forces namely 
extensor force of the intra-abdominal pressure in flexed and 
extended postures. Note a is much smaller in A as compared with c 
. but the situation is reversed in B (from Troup, 1968)
liOEtcirior abdominal va ils fixed  by muscular con traction , a rice in  
• in im & bctainal pressure cm  be .considered as a longitud inal force 
-tending to  push 'tho -diaphragm upwards# ' With tlie; diaphragm a lso  in  
eontraction* th is  -force.i s "transposed to  tho r ib s : to  exert on extensor 
" fo rc e . cm-.the trunk- (Davis ..and Troup,' %§&hh)* I t  le  considered" th a t  • . 
stick oa -extension. fo rce reduces the. compressive force acting, on 'the  '
' lumbar vertebral^ column (B arte link , 19571 M orris ,. laicas and -Breslor, 
.1951. and Eie and tfekn, 19‘d2)* / (Fig* &•)• '•
The moment-, o f  the extensor couple ontl th o ' perpendicular d istance  
between th e  longitud inal ax is  of the sp in®  and the vector force of the
■ increased ' in tra -a b fe iiiia l pressure k e e p  on changing throughout .the" ; 
l i f t : (Bavin, 1954b), . In the stooping' posture the .lumbar sp in e 'is . 
flexed which reduces tlie lover ami on wbieti tho extensor- m o d e s  a c t 
but increases the perpendicular d istance between tho longitudinal ax is ' 
of the .opine and. the..'vector force o f tlie inira**abdorj.inal p ressu re . In  
th is  p o sitio n  the mechanical advent age o f  tho intra-ahdoiaiaal pressure 
i s  fo r  g rea te r than-that o f the extensor m s c l e s , . Therefore,- th is  :
.p ressu re ' i s  taast helpful, during th o .i n i t i a l ; s ta g e s .o f tho l i f t  -when the. 
e re c to r spinae m s c le s u r e  no t very ac tiv e  (Floyd and S ilv er 1955). In 
the extended • p o sitio n  the lumbar lo rdosis  - becomes pronounced and tho
■ extensor muscles beceiso more separate from the lumbar, spine whereas. tlie 
in ira-abdoniual vector force io  drawn. sauch nearer the verteb rae , This 
.reverses the s itu a tio n  of the  mechanical advantage of the two fo rces 
(F ig , ?*)• The increase 'in  the intra~abdoiaixiaX pressure i s  d ir e c tly  -, 
re la ted  .to ike speed of t h e ; l i f t  (Davis, 1959a) and a lso  viiU  the ' ' 
magnitude of the lif t- . (Davis 1959aI M orris, Lucaa and B rcsle r, 1951? 
Davis anti Troup 1955a,' 195-6).
■ Ilotrever, in  a l l  previous work, analyses, hove been prepared so 
though a., given place of novcrsaat'.was s t a t i c ,  and. no re a l a n a ly s is . o f '. 
dynamic .s itua tionsJiao  been o ffered , '•
■ IdUjCirophysiolegy orig inated  frotVihe experiment o f.IM gr f *.X^cri 
when a© discovered the responses of frog tauecloe- to  e le c tr ic a l  disc!? « 
I n  1 ? S 0  t i e  noticed t h a t  f r o g  muscles contract when touched w i t h  a  c c a l p e l *  
loved th a t  th is  con traction  was evobed by an indwelling e le c t r i c i ty  
in  t h e  a n i m a l  i s u s e l e s j  t l i a  .iEsaediate cause . o f  contraction  being t h e  ... 
tmiea o f  n e g a t i v e  ^charge on ■ t h e  ■ cxtexlor o f  r a u s e l e  with v a  ia iera& l 
p o sitiv e  charge m$ th a t / th i s  t r a v e l  l o c i  a l o n g  i l i e .  n e r v e ,  .flic f i n d i n g s  
o f  t i i i s  experiment w a s ' e l a b o r a t e d  i n  t h e  year ' 1 7 9 1  cad 1 T 9 2  in  t h e  p a g e r  
.'entitled **!& .visiting e le c t r i c ! in t i s  in  moniu m se u la r i  coamsntarlusd5 end 
■ a  boob respectively*
'. V olta '_(i?9O«*la09) disagreed with G nlveat's explanation th a t 
e le c tr ic ity ,w a s  generated by-the muscle end th a t i t  dischargee through ' 
the  e e ta le  (good conductors' of e le c tr ic i ty )  to  evohe muscular contraction* • 
Eg showed th a t i t  was § in  fa c t  » the contact ' p o ten tia l of the - i\m die 
m etals (iron  and brass) ooauecied by Um s a l t  so lu tion  .which caused the 
flow of cu rren t stim ulating the muscle to  con tract*  •
• - 1st jury; potential was- described .for- the f i r s t  time in 1704 by an 
aacnyaous author* lie discovered that a muscle .contracts when it* is  touched 
by the eilt -surface of the nerve of a nerve- muscle' preparation* Siough .the ■ 
author of th is a r tic le  is  not laaown with certainty* -fjjeiani-' ( ib is ) ' thought 
tlmt -tills discovery was shared by G'alvani ami- bis nephew Mctani f 'mm 
clainod the authorship a fte r the death of Gal vaai •' This cxperineat• u&g 
repeated by.V olli ( 1 7 9 4 )  md Alexander von £^boldt;(l798) with sim ilar 
results*
The controversy between Oalvani and 'Volta could not be - resolved •
u n til  e le c tr ic a l ' monitoring devices were invented* flie f i r s t  s tep  in  . 
th is  d irec tio n  was the discovery .of the. pheaoaeoon of. eloeira/eg& oiiev. '
V  hearted ( i f !£)_• ' fie discovered tha t a magnetic needle deflected  •
m fe r  the influence of the -current* Based- e». ib is  p rincip j#  
wore constructed la te r* • lloM II (lb?3) described c sen sitiv e  p lvaiiosatfi^  
/*, * o bad dcsigsod/and .constructed * iy  th is  instrument Iso kccm mm Cef 
the presence., of e le c tr ic -c u rre n t l a  i 'isg ’e csugclc/----2h 1B4S du DoiiW 
c m3 'developed' a  s tiiau ls tiag  cad recording technique using a galvm m oio 
and shoved two fcsiir&uental types of  Meel m etrical p o ten tia ls  « t!s© a^stiog  
'. m i  ac tion  po ten tials*  . ■
W & tmtel 11341!) ehwea' contractions in ' on© -:uerve m a d e  preparation  
iaf the  uervo of cmotlior p reparation  ia ; laic), acro ss  th e - f i r s t . .  • .-Injuty: -. 
p o ten ti a le  .were',measured !>y Jfstteacei (3.841) and.da Bois-Boycenc? (3 *13'* 
fliey fomtl th a t  the in ju red  region .was negative with' respect to  the m  
.reg io s of the ease Jo* Further* du. Bale«*B©ym©nd showed th a t there  xim d 
ro ia e tio a  in  in ju ry  p o ten tia l on te ta n ic  contraction  -which he desc 
a s  negative v a ria tio n  ©£ the cu rren t of injury#
ftefihenne (1 used e le c tr ic a l  s ita tl& tio n  through the sLiu
fo r  the study of the -is©v©f«e»i of in ta c t  sk e le ta l muscles with a view to  
c la ss ify in g  th e i r  facetious in  re la tio n  to  body movensmis. lie cencludcd : 
th a t iso la te d  rauseulnr ac tion  does. not occur in  nature*  E£s r e m tf rh la  ’ 
boo:; ,u ©logic dcs fsouvomnts** was |mblished''-ih IdCSF* fieevor CiC3C~.
/  itC f) a lso  pointed out. .-that X>ucben»Gfs demonstrations .only show what n . 
pm tioiilor amsele m y do on s im u la tio n . . fliis e o rt  ©£. s itu a tio n  dees' 
n o t mim ' nMm n a tu ra l comliliens* sail con throw l i t t l e  l ig h t  on ibo 
cc«*ord£fm4©sl muscular movement© in  nature and le a s t  on the ro le  of 
indiv idual muscles involved in"such mnoeuvres* ' •. A fter careful study- 
e.£ muscular action ' in  movommt of certain jo is ts  be * i sted ilicf th e  '• 
oasoles should be divided' under t?*e following’ heads'? --prim m m om  * 
syiiergie .m scles* fixators* cut? antagonists* .-- ' Deevotf&ClO&A) €foerdaa 
.. lec tu re  on fSiscular ■ l-ioyeascnis was a  s ig n if ic a n t coatriba tioa*
■• B ernstein (1871) -'showed th a t the ac tion  p o ten tia l - is  a  .wave of
■ a c t iv i ty  tra v e llin g  along 'yusclc f ib re s  triib  a  d e fin ite  ve locity , nilich 
:lm in--ih& ease of frog to  bo 3 par second* Much l a t e r  •
‘•'•Boole® sncV'0*Connor (1039) - determined the v e lo c ity  of conduction of 
action- p o ten tia ls  in. Boleus cad pcronae'us te r t iu e  a r i  t iM a lis . a s tieao  
■of a e a t# . They found that- once th is  impulse was- m i  tip i t  trav e lle d  ■ 
in-both  d irec tio n s .along' a  erase lo f ib re  a t ’ a  uniform speed of 2*85-to 
.4#8 sru .per second fo r  coleus and about 5-8 ci.'; par second fo r  peronoeus 
t o r t i a a  a n d  i i M B l i s U i i i c u s # = . :. . • - • .  •
Farther advances in  the' noaroamscalor physiology' toolFplacev i t h  ■ 
iha developaont of -e&fttiieed. clectroplsysiological ieebniouee* ; Toxmt'&s 
'■the-end of the x d m ie b n th  century uQdcmlty (1883) devised a'sensitive ■ 
tiirror: galvanometer* • •However* the cspiHcngr :electreseter -'deiBcrilied by. •
1873} viqb ®o$& popular .-than the ..idriser .as i t  enabled the stogy 
..of e lec trica l phe t o n  in greater detail* Indeed\ it  -nas'widely mad 
for the purpose of clecirez^ography up - to the f i r s t  quarter. of iho- \ 
twentieth eeataxy* , tt'v consisted. of., a  capillaxy tube filled  with woa&
'.acid# mi the  centre  o f : the tube vrae-;introduced a d rop let .of mercery 
which ricved. towards the negative pole tdmn mi e le c tr ic  cu rren t -was passed, 
t '» a a  <» it*.. ..".Ihe iiaage.of the'.iaercury'm s  pro jected  during th is  suovewcnt 
.to produce’ o' pliotograjMc- record* • ■ ■
J&uibovea (1903)' invented • the s tr in g  galvoiioiaater vMeli iio con tinually  
improved im s i  1909 to.. 1931* ; 11 * ■ enabled him to: ^ ensure .saall cu rren ts
easily.'and -precisely# flic m erit of th is  device i s  th a t  i t  i s  lig h t*  
eiitremoly sen sitiv e  'tmd ve jyp recise , having m inim i in e rtia*
■ lilectrophysioiogy • was;'f a r th e r  advanced by the' inven tion 'o f t la re io n ie  
■valve am plifiers* and when Erlcnger and Gasser (1922) • introduced cathode 
/ray 'oscilloscopes' (o rig in a liy  invented by.P® Bram [188?]) a  e o ^ in a t io a  
of I Lose devices became the west w idely ' used.. eq&itaeiit fo r physiologist© * ' 
•While today the thermionic .valve lias been large ly /rep laced  by so lid  s ta te  - 
devices' iho p rinc ip les remain the same# Erlaiiger irnd G ossor'in  th e i r
■ f i r s t  pub lication  ipictored mid ■ discussed the changes which, serve a c t ion 
i ota t i n t s  'undergo1 in  th e i r  course# ■' in  la te r  pub lications' tljcy g re s tly
• elaborated -their findings*
■ /  ■ & he. f i r s t  aleetrosyograpfc&e recordings fro so  homoa imisel.es were
.made, by Hpbr. '(1907)' in  voluntary. contractions ttsisag the s tr in g  galvanono
■ j c xcvmd in  • each'•.-record 'one p a r t ic u la r ly .'pro-aiacab'rhythm which he regard
l n s ta a t fo r each mtscle - or. group -of muscles* iho rlyilia* he fh o rrh if
■ .ind ica ted_ the ra te  a t  which, successive stin iu li arc sen t to., the oasela  
■from the cen tra l nervous- system# . As- a  r e s u l t . o f ' B is .-. &imy Pipnv thought 
. .that in  ifse lo n e r arm th e '- f le x o r • isdscles'• a rc  normally supplied with
ispnleea of a frequency of -47 t 0 .n0 .per second*'1' He was prompted to  
conclude-, th is  because the' galvasiesseier 'record obtained from th is  muscle ": 
when U10 m dim i m tvp  i s  a r t i f i c i a l l y  stim ulated ly  'indactioa ' shocks 
of about ib is  frequency lied a  e i s i l a r  nature* . Buchanan (i?V2) using 
a  cr l la sy  -electrometer a lso  recorded eleciroryogm as of the scsae 
titisclo miller the sacso two conditions but.she -did not confirm H p e rfs  
-findings*. %  the e ea ira iy y  she found a riy tka; of a-frequency froo.CO to  
108 pjo* second in  the e le c tr ic a l ' response o f  iso la te d  frog m a d e *  
Jxsrther* ..stie found; a  . v a riab le  frequency response' in  fmssaa- fereenra uxsclco 
of from 50 to- 120 per second# She • suggested th a t the rhytlis was of 
p e rip h e ra l. origin# B itte r  and Gunther; (1914) studied fo r  Uiq f i r s t  time 
the a f fe c t  of the exerted force of co n trac tio n . oa the elecirooyo^ *ie 
recordings* •
Adrian (1920) ■ mod m ' am plifier, in  combination with a  c a p illa ry  
c lco trcoetC r to  record’'fo r  s_ a lle r  p o ten tia l changes than hod'boon d e a lt  
v i t :  before* '. Adrian and Break (192$}rmd  (1920) recorded
go Man p o ten tia ls ' of. a  s in g le .motor'u n it  fo r  the f i r s t . . t in e * ' 'Ib e
 ^*e&eat of therm ionic' valves $ galvasonieiera and the development- •
■of h ighly sen sitiv e  .oscillographs' made - th e i r  venture, possible# Adrian 
end Break (1929) mode aa im ir m m if  the ' coneeairie needle electrode* 
which h a s .'rev.o3utioai.sed th e .f ie ld  of e le c t! 0 yo^rapliy* Using i t  they ••'-■
of a c t iv i ty  in  -bisawi m o d e s  at. any stage of movement# ■'■
■■■. Fit!.! tho  invention of the ilie im oaie  am plifie r-the  problem of • 
the- e lse  o f 'th e  signal was 1 * 5 y overcome h u t  • th e ' frequency -of
. discharge* 'from' imiscle. i s  suck th a t  deto iled  study was impossible u n t i l  
iuo appearance* of -.the cathode my oscillograph* . The s tr in g  gatv.CBozioiQ? • 
ims usefu l fo r 'reco rd ing  slower, signals, such' as electrocardiograms* 
However* under ooxinal circumstances the - i n e r t i a ' o f the s tr in g ' did no t’ 
pea i t  tm 'accurate record-of e le c tr ic a l  changes as:rapid m m ac tio n  
p o ten tia l 'of e nerve* -With the ' ^Movements in-'the .s tr in g  galvaadootors. 
Brought - about By' Sinihoveu to  cope with such rapid  - events sente s e n s i t iv i ty  
lo st*  . Furthermore* tbs s tr in g  galvanometer, could not Be jntsed with 
~  l i f i e r s  ©wing to  the f r a g i l i t y  of the string*  ;fhe cap illary , e le c tro n  
laeter was qu ite  sen sitiv e  with a  valve am plifier -.and easy to -use ba t gave 
a  d is to rte d  record duo to  damping a ffe c ts  -.of. 'the iseremy* In Both these •
, ^nasiomotera the amount of l ig h t  fo r  .recording' purposes was'liaitcc! as 
it "lias, to  p a ss ' through a'microscope objective*
Halihewa (1928) designed and constructed a moving iro n  oscillograph* 
asc! m  am plifier su ited  to  work w ith i t*  Si was f a i r ly  sen sitiv e  m& ; 
possessed a frequency response of up to  '5*009 Eerts* / Further i t  gave- .
■a record of ac tion  p o ten tia ls  in  nerve' which was accurate; .to 95 per cont 
without an a ly s is# I t  was capable of recording m, ac tion  p o te n tia l  o i &■ 
sing le  nerve fib re  and had' a simple optical- system in  which l i g h t  was . 
not lim ited  hy having to ' pass/through a microscope objective# Matthews 
(8005* 193-8). evolved another am plifier w ith a n .o v e ra ll am plification  of 
C0$-.r.)d t im e  which could be..Increased up to  & 1*000*000#
■ T/itb the {ieveiepmeat of such', am plifiers the sensitivity reached a 
level at which it became d i f f ic u l t  ;to' d is tin g u ish  signa ls  from- the ' 
e le c tr ic a l  noise# Jtiribc r advancement in  olecitophy&iological fields.-
centred round i!?o iciprovemeat in  r e l i a b i l i ty  end sophis iica ixos of 
c.e>lif ic r s  -oad recording systems genres ic  " ease 'of operation* Fro 
development o f ' eneli am plifiers are  sua& rised  . ISittlmwo (1918) ■ ' - 
on the following tab le  (Table i(>)t- •.
■ T a b l o  -10 * Shewing ' the. .'laetory .o f ' d e v e l o p m e n t  of am plifiers (a f te r  ‘ tat"' he* \; ■>
scr-l
Itito in sim n en i - lav estiq a io r - pesolyiftff 
SS B ilW e ' d-J '-dv*
luuu H irro r galvanor-ieier ■ Barden Sanderson nfy !• . £0 t3 see*
. Ccmillaxy e le c tro - '
■ ■ meter
Gotch €l Ijitreh . . ' / vSf r to  ti oee*
tm t S iring  galvanometer Einihmen ' p.*l-l uV ' :■ ' i IS d sec*
1900 C apillary  e lec tro ­
meter end an a ly se r.
X&cas . . 0.1-1 CRT ' *•* 2*5 a  sec
1920 A m plifier asd : 
s ir in g  • galvanoiaeter
Forbes 50 - « ■■■ f ' / 2  a  sea*
102 i ; Am plifier and 
'- cathode v&y tube .. - - '
- CJassor & Erlangcr ml?/ t ; too p, ozc*
1920 ; . Am plifier .end 
cap illcxy  e lec tro*  
.: no ter*-
■ Adrian jiV , *s :0«u n sec
tm s Amplifier and 
electrom agnetic
oscillograph
Matt Imm •X 200 \i sec*
Si see ■ Aqpl i f  fo r and |i¥ • •1 .few-p see*
'1083 cv.U cCc ray  tube .
Proa tiiae : to tiniG clectrophysio log ical advances have found 'groat . • 
applied as© and have evolved in  independent d isc ip lines*  The invention • 
o f Itlnihovesi’s s tr in g  galvanometer gave r is e  to  clectroccutfiogcopty widen 
m o studied  in  great d e ta il ' by biiaself* and electroencephalogram :? 
discovered hy l¥avadic& -Itainshy .(192$) and Berger (lO20f 192i)* inoeo. 
toch::ic;ues'afe^i(ye,d in  c lin ic a l  p rac tice  fo r  the-diagnosis of various 
diseases*. A driaafs (1929) elecircryographic teelmicjue • has .also boon- 
incorporated in  c lin ic a l  f ie ld s  fo r the diagnosis of - diseases, of th e  
noiB?c—;raocular system* ...
sWdo iolem oixy: can Iso used ■to transmit' inform ation regarding '
physio log ical variab les such os'pressure# le ra iu rc  and• hydrogen- io n •. 
■concentration'xritU minimal disturbance' to  the sub ject' and l i t t l e  ./• 
in te rfe ren ce  with h is  environment* the'pow er-of the  tran sm itte r ' -
d ic ta te s  the distance over-which these, signa ls  m y he received* 
iS ioicttiriaation of e lec tro n ic  exponents- has' perm itted the .eo n o tru o tio n '■ ■ 
of vary small transducers and am plifiers* making i t  possib le  to ■ record 
in ' s i  in  cicasurdtnoats of p a rts  otherwise inaccessible* Small telem eters . 
th a t  cm  he ss&llo^ed to  passage the  in te s t in a l  t r a c t  has been developed9 
m d are loosely.; turned radio p ills *  -Radio p i l l s  hmo been employed, by 
various . vror&ora. to  .measure' peristULlic pressure waves in  various p o rts  - • 
o f the o lisaa iaxy  canal of healtfjgr anti diseased sub jec ts  (Farrar, and 
Bernstein#' 1950$ Sprung# 1900a' end b} Cornel and Powlcnds*' 1959a and b | ' 
Dnttb and Bidgeway# 1901} Boss e t  a i * 1902)*' Preocures recorded by 
th is  nethoc! were id en tica l with those. obtci nod ■ from the same s i t e  by 
titles* A d ig ita l  computer was ■ used fo r the an a ly sis ' of the in te s tin a l, 
d e b il i ty  pressure waves by F a rra r  (1900). I t  enabled him to .ob ta in , 
msneiical q u an tita tiv e  expressions of the inform ation emta&mC in  such 
records* "Kixoa and Smyth (1900) and iSayth-caul Y/oHf (1900) by in se r tin g  
a  i;rooonre p i l l  in  the u terus of a"patient • undergoing' labour reg is te red  
’the iu tm -om nio tic  pressure * the maternal m sp i ration* and maternal
fo e ta l h eart beats* N bller (1959a end !>»■ i9 6 0 ) has :used- rad io  - .p i l ls  • 
to  record, the pH v a ria tio n  ceased by drugs and drinlss in  the stomachs 
o f children# . Von Arde&ne. and-Sprung (I958d). using a radio  p i l l  have 
observed pH changes in  the stomach antd duodenuta' end the e f fe c t  of 
M aia/iine on th e ■ -secretion of •'hydrochloric acid.- • E asier (19Gt>) implanted 
radio p i l lo  in  clogs.#- cu ts and rab b its  ana recorded th e ir  body tem peratnros 
and h eart ra te s  over long, periods* Fox# - Goldsmith and Wolff. (IGOI)- have •
employed radio  p i l l s  to  study deep body temperature * ■
. Fui’th e r  advances in  ts in ia tu ri cation itave a l  1 mica .-other uses o f thins
typo o i ie le se ie r*  such ?m --tlse c irc u its  developed by Bahia# iSelntyro? 
Baayler oad Ilorad ■ (reported hy l&ekoy# 19G3) .'which .wore -implanted in  
e  ra b b it to  trG-isii.it e im ltaaeouo l eloctroca^dio- end -electroettoopaalogra: 
. Sa ira  o c u la r-p il ls  have a lso  boon developed which a r e  suitable-...for 
im plantation '-'in the eye-hall. to  transmit., pressure infoxmaiiea# F actor 
e t  a l  (1908) have developed eyo^ele& eiry con tro l system^', which "are 
Implanted in  bone and .use protruding e lectrodes to p ick  up muscle - 
•■poterktiale to-operate a r t i f i c i a l  limbs. Walter <el ol (190?) hove • . .-
.'-developed a n . B-ohmmel. -md a  -iO-cbamiol model w ith ' telem etering. electro**
■;'oneopknl ©yrms$ as have Vea Leeunen . and Hasp "(1969). •
A radio^telem oiric -assembly has. two-system * one for transmission# 
tbo. other for reception* - Toe .traasssitter issay have i t s  ami power' supply# 
.usually in  ;tlic form.of batteries# and i s  then Isnotm as an active . 
te la jc te r#  Alternatively# the  tran sm itte r cay incorporate a device.# 
miefi as an inductor co il#  to  obtain-power from an external source# whoa : 
i t  is-known as a passive telemeter. In - e i th e r . case# ■ the 'signal omitted 
i s  modulated by a physiological transducer* Which" converts the energy 
of. physiological change in to ':changes in  e lec trica l potential.* ■
. . ' A c t i v e  r a d i o  p i l l s  c e n t a l  a  .ironsclocer#'an:o s c i l l a t o r . c i r c u i t ' 
f o r  g o n e  r a t i  o n  o f  r a d i o  w a v e s #  a  transm itting  antenna 
a l l  ■ contained w ithin a p ro tec tive  m e m b r a n e  e n d  an e l e c t r o s t a t i c  s c r e e n *  
G a o  c o m p o n e n t . s s e y  s e r v e  two .03  m e r e ; p u r p o s e s .  A  t r a n s i s t o r  m a y  s e r v e . - '  
f c O v  a s  a  t e m p e r a t u r e  t r a . n s d . n c o r  a n d  a s  t h e  ac tiv e  element i n  t h e  
o s c i l l a t o r  c i r c u i t }  t h e  transm itting  a n t e n n a  c o n s i s t s  o f  a  c o l l  w l s i c h  
l a .  a l s o  u s e d  as p a r t  of ilia  t i m e d  c i r c u i t  i n  U r n  r a d i o  f r e q u e n c y  , 
o s c i l l a t o r .  Such d o u b l e  .ftmciions"-help-miniaturisation#
Host -biological, rhythmic processes range in  .frequency from 1 cycle 
rcr* day to ' 100"cycles per second* At each low frequencies small mnmmto
of d r i f t  .in the transm itting  system emi seriously  e ffe c t the tusieuracy 
of tSio received .s ig n a l« T/itii amplitude modulation. the distance between 
the  tran sm itte r  end the rece iver has to  bo kepi constan t; £or .accurate 
iranc; lesion  of inform ation» end th is  • roqdUcneai i s  extremely d i f f ic u l t  
to  moot 1b b io log ical s itua tions*  ' . fbc signal streng th  v&ilt 'amplitude 
nodulated -irmsmiscion m y a lso  vary as ike b a tte ry  voltage decreases* 
tlieee d i f f ic u l t ie s  are '©verbose by.- the u se . .of pulse or frequency 
laodalaiion* Pulse mod.alaticm does not g iv e 'a  continuous record;, arid. .' 
re q u ire s . more -couples* m l  therefo re  more bulky*' c irc u itry ; than does-, 
fi.’eqaondy modulation* . Frequency m dulated  devices are more re a l s te n t ■ 
to  a rte fac ts ''th an  ore those us lag  - cmg?li iude isodulation* While tra&e&aeer 
systems can'he used with care to  produce frequency -modal atoil devices* 
they are  suscep tib le  to  changes in temperature* f id s  d if f ic u lty  i s  to ■ 
a  Xm'ge ■ esto iit mercmm in  radio, p ills*  since the in te rn a l body- 
temperature v a ries  very l i t t l e *
Wave leng th s ' employed in  r a d io 'p i l ls  l i e  w ith in  the range of tOO m  
to  10 ISO* Higher frequencies ‘'cannot be used as absorption of-, rail i o : 
energies/by body t is s u e s ’ increase t?itli the frequency.'employed# However*. 
Im  frequencies require  la rg e r  tran sm itte rs  than th o se 'higher values*
I t  I s  im portant that.-the frequency employed i s  le a s t  l ia b le - to  outside 
in terference*  sad these various .functions 'have resu lted  in  the  eO£,?i'aC#ti . 
use of frequencies between SOD and, 400 lie* - -
' Who transm itting  range of radio p i l l s  i s  dependent mainly ©a the  . 
pooer output of the- irsa s ra ii ie r* . but i t  i s  a lso  a ffected  by the re la t iv e  
o rien ta tio n  of the tran sm ittin g  m l ' receiving antennae 9 i f  i ’ib reco Adag 
a e r ia l  i s  not' om nidirectional* Hie range m y a lso  be ’a ffec ted  by  -emiorna 
e le c tr ic a l  interference* ansi the signal to  noise, r a t io  of .-the receiver* 
flio f ie ld  streng th  o f - the  • tran sm itte r  declines •markedly with distance#
I f  the power consumed i s  100 0  fo r  signal generation then the .ire u 
range i s  o ften  loss, than one sober* for  a  range of several meters th e '.
power output has to be. increased .considerably.* perhaps to  se v e ra l• 
m illiw atts*  Korcuxy ba tteries:-are  most.commonly-used .as the power ^ 
source fo r  rad io  p i l l s  as they give a  very s tab le  power supply*
. The f i r s t  passive "telem etering system was' ma?1e .by i&rchol and 
llaretiel (1956) * ;. I t  contained a qaarts-tuned . c i r c u i t  v/hich was 
eaprgised by as ex te rn a lly  pulsed primary .f ie ld  a t  the sasse frequency 
iSqyaos end Wltchcy (i960), evolved-ie passive ayciest which was more, 
r, Heebie* However* the ■disadvantage, of the passive traisndss:5 oa ' 
qyevcsi -is th a t  the coupling between the ex ternal • anti. -■ 'in ternal Qntcimac 
i s  dependent oa th e i r  re la tiv e  orientation* To'Obtain iininterraptecl ' 
operation i t  !b e sse n tia l to  use th ree  external m utually porpendicalci 
loops which arc switched in to  the c ir c u it  in  turn# On the. o ther T aal * 
such a  system can be used for very  long periods as I t  i s  not dependent 
on small b a tte ry  capacities*.
flier© are several methods -for-.receiving frequency modulated 
signals* The heterodyne or- superheterodyne principles.havoeesiuKionly 
been employed* whereby a received s ip ia l  of ualawran 'frequency i s  missed' 
w ith  a  lo ca l signal and the' re su lio n t frequency d ifference recorded.
In .th is  method the - frequency range i s  l im b e d  by the  b to w id ih * . m l  
:with increased bsnd«-widib the noise' increases* ; Besides* -if- m  \
signal l i e s . shove or below' th e ' standard . frequency the came boat : .
Iraquoncy i s  obtained* Such receivers have 'been discussed ' by. several, 
authors (Macl^y* 1059; Kssler* 1900; McCall* 1960;• Howlands anc! . T*©H£.f 
19 0 0 )*
D igital"counters have been used to give a  more .p rec ise 'recep tion  
(Eotiiauds and Wolff*'i960; Hssler# I960; McCall* 1900)* .-fhe chance.
In  -the count of each abort period of reception i s  s  measttro of -the 
frequency change' in  the carrier*  However* - th is ' system has a  bad signa l^  
to o o i  s e ' r a t io  • because the frequency modulated s ip ia le  hove to  bo 
tsaplifioS in  a bread t o d  am plifier* (kio way'to' improve i t  i s  to employ-
n servo slave receiver. {Jacobson. 19595 Esslcrs 1009)9 anil the system 
■.bcc&soa comploK as the "slave has to mint cm tom tically for a lo st 
oignAl*..- . , •'
•; Jacobson and l/hiclberg (19G0) developed a  rece iv e r fo r  ..the. 
reeopitoD. of frequency modulated signals -from radio; p i l l s  without 
tho disadvantages of the e a r l ie r  aysteis• ■' I t s '  d r i f t  was 'w ithin.* 20 e /e  
per day# •l5u ri!ie r> i t  bad on oisaidiroctional antenna which avoids .the 
a r t i f a c ts  when in te rp re tin g  signa ls  -from tran sm itte rs  ro ta t in g ' f re e ly  >; 
in  resp ec t to  Um receiving antenna* £Js© system esiploya 
output sig n a ls  and th ree mutually perpendicular loops averaged in  tim e.
• b id ir e c t io n a l  aaietmae have also been recommended' by ifeielsay {1950a}* '
A' ro ta tin g  antenna which scanned ..all the 'p lanes was dosex*ibed by , e J a ll  
(1999) * A servo mtexma trac lang  system capable of _ recording p i l l  
m obility in  the in te s tin e  lias a lso  boon developed by Jacobson (19Gla and 
by-1902)* / ■ . '; ; ; . .
The f i r s t  pressure sensitive- radio p il ls  were independently 'invents 
by two groups of sc ien tis ts  in  1057* Maebay mm Jacobson reported a 
device in  June which was capable of transmitting pressure end, ■  ^ *ature
• clsoages whereas Farrar ot  ul described a parallel • device-in  Ha c 
_which was only pressure sensitive* ..
~ smm co&;s
liusenlar contraction  i s  .associated with e ie e t t lc n l ' els&a o 
(action p o ten tia ls )  in  "the muscle -.fibres and a. v t ai record' of tlicon ■
’’i a  bestied an eleciroayogram • • E lec ire^egrem s' a re  .-used to  study fitss 
pattcwa. oseI': magnitude/of 'iauscuier-activity* '. -.;
af.Jm POffKflALS; ' - V :
A il c o ll i..cnbxtme& -possess . the property of.separating-charged . 
ions and m aintaining a higher concentration' of • !?&' .and G irioas 1b 
the* in to r s t ia !  f lu id  and K ions in  the  in tra c e l lu la r  'flu id*  thus -. 
Gsis&lieMng an .e lec tric a l- .p o te n tia l -clifferchee across the Eietsbrane*
■ £tds i:vaintrdued - p o ten tia l .d ifference I s  termed -the re s tin g  p o te n tia l  *
- in  olreleta1 m s e le s ' the magnitude of the re s tin g  -po ten tia l i s  90 bV, . 
tlie in sid e  o f;th e  c e l l  being negative w ith'-respect t o . the ■ siOTOttnding . 
tisan e  flu id*  Neural and muscular jambranes 'possess the a d d it io n a l ' 
property of es& iialbiliiyf whereby they respond to  a stim ulus by 
'•creating a tra n s ie n t change in  the Ion ic  perm eab ility .of 'the nc&dsmiiOf 
v d is tu rb ing  th e . traasacmbrano re s t in g • p o te n t ia l• E" ..ions- leave .
• ami Ha‘ ions.-, e a te r  the c e l l ,  and the d irec tio n  of ch a rg e 'is  reveresod# ■ 
iM s re v e rsa l. of charge t r a v e ls : from' tlm s i t s  of .stim ulation Ills© e .
ever the c e ll  membrane. as a s e l f  projiagating phenomenon, - u . -■-
idieuaaaaoa termed conduction# . This response i s  'termed cm -iiapulso ;' • 
and i t s  e le c tr ic a l  . t;:;mi£esi&tion i s  called- an ac tion  po ten tial. ( * * v. 
An action ' p o ten tia l can be evoked - Only by a  threshold  o r snpratlareshold . 
ntimnluB lint i ts -s i& c r  c!iajie,'.duration.and conduction .velocity -is 
■independent of the stimulus strength*
y;.cexix or mmm.m -Qmmimim: - ; x
c ^onic-exchange '-theory-of action  p o te n tia ls  -was ' f i r s t ,  enuaeiatedt' 
-with a 1 to. nerve fib re s  'by  Bernstolsi ■ (1002) ,v vho -s” Cwwod that tho  '
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A C T I O N  P O T E N T I A L  R EC O R D E D  B E T W E E N  IN S ID E  AND 
O C T.S ID E O F  A X O N .  TlME M A R K E R , 500 C Y C L E S/SE C . 
i ’lIE  V E R T I C A L  S C A L E  IN D IC A T E S T H E  P O T E N T IA L  OP 
T H E  I N T E R N A L  ELEC TR O D E IN  M IL L IV O L T S, T H E  SE A  
W ATER O U T SID E  B E IN G  T A K E N  AT ZERO  P O T E N T IA L ,
Pi;;:. 8. (From ifcxigkii\ and Huxley, 1939)
c e l l  o b_ aso was se lec tiv e ly  permeable. to  potassium .ions which d iffuse#  ■ 
out during ' the? conduction of aa action p o ten tia l * la te r  9 skeletal.' nasc le  • 
i&dbrdaes''were •;shown also  to be permeable • to potassium ' and • by Boyle. csul 
.€e*nway (11541) who also  demonstrated th e ir  perm eability-to  c h lo rid e .ie aa . : 
.Uaocolas:•.i20S3l>mies were also , sham  to. be permeable to sodium Ions by. = 
K arris .a»«l Bams (1640) one! 'Keynes. (1654)» .An ac tive  pumping use i 
which asiiitaiiiod socliuia en tbe outside and potassium on the in side  of 
t>io &c&br&&d of giant- axons' of 'sep ia  .end indigo was.successfu lly  •
demonstrated by ISadgl&u and Efeyaes . (1655) out the r e s t in g .p o ten tia l was 
' a ttr ib u te d  to  passive, leakage of sodium aacl potassium. corn ■■their' 
iconcentration gradients by Hats (1900a) who al&o proclaimed th ia  
passive m ch m im  functions independently/of the, ac tive  "one* '
Ilodglan aaft-jpixiey (1980) recorded action  p o ten tia ls  ■ from iso la te d  
g im t  axons of Im im  fo rb e e i;which’ were caused by ‘temporary reversa l 
of charges across the meabraue,1 the' absolute .magnitude of such' p o te n tia ls  
being DO is? £tt-20‘'c» ■ • they measured -a .resting  .potential of 50 -aV -which . 
th ey . thought was a reduced value due’ to  :the In te rfe rin g  action  of the 
junction  po ten tia l • ..between aropiasm ano sou water a t  the t ip  of the ■ 
electrode*.. . After, t i e  passage of :.<m ac tio n  p o ten tia l the re s tin g  pis. g o  
I s  regained by .slow d iffu sion  of’ potassium, ions out of the f ib re  CEatur 
iDOGc). ■ Sudden in flux  of ©odium ions drawn from the adjacent . 'in te r s t i t i a l  
ilukil across the smsbrane in i t i a te s  the action  po ten tia l*  when th e  - 
sodium ion  concentration in  the neighbouring areas readies a  threshold  - 
value a fu r th e r  in f lu x  occurs •-• fheee .• in fluxes produce -an ion ic  c u rre n t . 
ami ^ ':eje^^Sfln>.'of th is  - process. propagates the a c tio n . p o te n tia l. along 
tlie f ib re  in  the -fossa of a wave. Although the  sodium influx , scay bo 
in i t ia te d  a t  .any po in t *■ in  an in ta c t  m uscle'.it occurs a t  tB ebryone^al 
Junction and trav e ls  sway'from the motor and p la te ,  flie e le c tr ic a l  ' 
p o ten tia l which i s  a  r e s u l t  of depo larisation  decreases with increas ing  
d istance £rm  the s i te  :o l  depo larisation  due' to  the pbysiccMsaeniea!
resicieae© viiM a the fibre* ' Tims'- the larger the depolarisaiion the farther 
tlje action  p o ten tia l travels*
ACflCfl F0Tli1rl41/> i f  A CAUSE 0!’ IITsSIQba
'Tao dropt- of the re s tin g  p o ten tia l below a threshold value a t  a 
c e rta in  po in t in  a naselo f ib re  e l i c i t s  m  ac tion  p o ten tia l tdiich tra v e ls  
in  both .d irec tio n s. -f roa'- th a t po in t along' the length of the ousclc l i t r e  
.concerned, causing contraction  of tbc nrtsele fibre* Tbs existence of . 
the e x tra c e llu la r  oarcoplasiiic re iicu ltm  lying in  'the longitud inal plane, 
baa boon donoBsiraied by Staley  m3 Taylor (1958) end - Orlamcl (1004)* : 
htdo cilm p ro jec ts  in to -th e  su o e le ■ fibres* This reticulum ' a c tiv e ly  
aoceimilatGS and stores, calcium ions (lilti{Ou and Niedergcrke, 10DS;
-Hhaold and IjipsaBu*' 1062) * IJltigmi ami. Medergcrlie believe t h a t ' removal " 
of -Ma ions ceasfee the .concentration ox -6a*- The depo larisa tion  of the 
nuscie f ib re  produces m  in flu x  ;of Ca lorie in to  the sorcoplcu&i (Blaochi 
anil. Slimes* 1959; Hhaslii and 1062) *. a be released  Ca ions r e s u l t  ■
in  th e ; s p l i t t in g  -of adenosine .-'triphosphate in to  adenosine'; diphosphate 
m& a  free  phosphate, rad ica l (Daviesf 1903}# The energy released  b y 'th is , 
reaction  I s  mod by the c e l l  to  shorten or. atteiapi to  shorten the  fib re*
I t  - i s • ev iden t fron th is  th a t the relationship-between- -the action  p o te n tia l- ' 
and m sc tiia r  tension  m i l  be profoundly a ffec ted  by the m ount of re le a sed • 
calcium ^: the changes in  the calcitss ‘ c© nceuiraiim t and the . m ount of . 
adenosine 'triphosphate available* Cm. an in ta c t  m sc le  there i s  a ' delay •' 
bet^eoii the  propagation of the action p o ten tia l sou tho generation of 
tension  a t  the tendon* This delay i s  due to  the aouf-iustaataneoue • 
transm ission of th e 'ten sio n  iro n  the c o n tra c tile  elements of the  ouocle 
to  tho connective t is su e  of the -tendons* -For a given, s e t  o f  conditions- 
.this dolay i s  constant i f  the p lyelea l p roperties m  these tis su e s  a id  
clononis remain imelmngeO* -
- flic judgement that a particular action potential i s  e ith er  iron  a 
sin gle  Qfiseie fibre or £rm  a tsoior un it in  sc ie n t if ic a lly  unoecertQis&ble
: bo&amoM. motor u n it i s  the functional u n it’o f Muscular activ ity*  The 
scatter  o f the muscle fibres? of a rntor unit of a norm! - human bicops 
bsoehil has been- studied by BacLthiU* Quid and Boseafalth (1957o*b)* fisey
recorded ilia distribution of the spike potoatiala o f & given motor un it : 
over a.-cross section of the miscle using' csilticloctrodos containing i&mlve 
lm$& 'distributed along a -length o f  about' 05 fl»« Their- study suggests that '•• 
-the•.te r r ito r ia l.width/off a factor 'unit i s  k to .6 ma* Farther*'. iM y  'immi that 
■ a .notor - unit I n ; th is particular m iade .has .550 to 100 -.suSmnits* each containing 
a lifiiiille o f 10 to  3® adjacent fibres * 0a average a braeldmlis Motor un it li.se 
1*000 • m a d e ' fibres (B&ehthall sad lf8ds<&*; 19$$)? Kouover* the area covered. 
Uy m so tor tmit.may -Mro 10,600 muscle fibres suggesting an overlapping of 
.'tea mf&rn&its*.' ’ the r e lia b ility -o f  th is  mtfam  t o ' is  not beyond question as 
the' technique. ©ployed i s  ' lia b le  to  error* Hcdddl*.. F einsie ia  and B attle - 
(iDTb) m $  Feladei, • Hicshav and f f e i d d l (1952) furnish eleetro^ognapbie  
ani h isto log ica l evidence of a scattered arrangement of the ciasole fib res  
' e f  M ter units'* . ?ery small motor u n its • hove also, been reported*. In the '.
. o str lo slo  ocottlar m odes''iiiero are fiv e  to  sik  muscle fibres per motor u n it ■ 
(Bore,' 1926)* - .Hotor u n its i n  ra t1 a diaphragm are reported to supply ? to 17 
■fibres. • (Sm jcvie . end tilled !, 1998) •. - Butte and. Basrajinn. (i960 ) ^ _determined 
the. e lse  of Motor unit in  the rabbit* & 'pharyngeal m a d e s  by tracing- the . 
individual nerve' fibres along th e ir  a l t ta ite  supply and found that they 
supply .■ires t»o to sis: m se le  fibres In this'region.' Feinsten et. a l ( I f 35) '. 
have described nine nuselo fibres, for 'motor u n it'la  the-hurah la tera l rectus, 
'&$■' In platyssa* 168- he. the f i r s t  lu sk r icd  of the tsaad. and 2,000 in  the ■ 
rodtftl' heed of gastrocnemius* Bcuwjioa (19&7) recorded action poten tia ls  
.from ©ingle motor units using iairaHsuseuiar electrodes during a ligh t  
contraction* Tension which 'developed la  a m o d e  i s  a ' function of the . 
tsssbe? o f  active motor unit and frequently of their  fir in g  (Adrian 'and Bronk* 
I92 f| Ic d o a  and Sliorringteif 19501 Gilson and. H ills , !<M f Seyffarih* ,'I94li*\,:': 
Ileirever i t  la  possible to find the number of active BStor u s its  during any
contraction  and fu r th e r  the ra la tionsliip  between the frequency of f i r in g  
. a n d  t e n s i o n  d e v e l o p e d  i s  n o n - l i n e a r  ( B i g l a n d  a  n 3  M p p o X d . f  ■ 1 9 5 h b ) «
: IMoiioiiloted skeletcd imisaleo l i i  the Buoy i s  jionaally .under s l ig h t  
toaision because i t  shortens by .about 20 .per cent o f ' it© to ta l  length  i f  . ■
. tlio • tendons -.are. but*. .-.The e la s t ic  ■ tension - of u n s tim la io d  m oele  i& 
n eg lig ib le  fo r  lengths -aoMmd&t sh o rte r th m  tUc rooting  length , but 
• ••incroaoo o:qioaasiiQlly:..f!0'r. g re a te r  it** ib * ; if>inee m sc le s  change:-their 
lengths during con traction  i t  la . e sse n tia l to 'tm m  Imt mch changes 
i n f l e n c o - t l i c  e o i i t m e i i l e O t o i i s i o n  developed* : f h e  j a s r b m m  force d e v e l o p e d  
by;a  contracting  nmsolo when a l l  it© f ib re s  a rc  e iicsiia tcd  -at optimal ■ ■ 
-frequencies i s  sp e c if ic a lly  'r e la te d ' to  the i n i t i a l  -length a t  the tio©
.o f •-s t im la iie a *  ®Ue n e t ac tiv e  tension increases.jaor© or. le s s  l in e a r ly  
m ilv  the increasing  i n i t i a l  len g th ; 'u n til a morimns i s ' reached* However*
I f  '/the - in i t ia l  le n g th  i s  g rea te r ikon- th in  itMximm, le ss  tension  i s  
’ developed* flies p la in 'e lee tresy o g raas cannot:be 'need• a s 'm  index of the. 
/ te n s io n  developed-during crsiaseuldr con traction* . .However* use o f 
■'."integrated' electrcqyograma can give a. crude in d ica tio n  of the  degree of 
muscular contraction  a t  any g iven-tino  as ike a c t iv i t ie s  of the increasing  
mssbor. 'of. motor u n its  w ith increase in '-contraction  w ill  be picked up- - ■ - 
even v i ih  a .veiy email electrode* Using, la rg e r, e lectrodes w ith .various 
in tero loo trodo’.: Mtrtmom  the waBmlnr tennim  has been found to  -be 
-d irectly  proportional’■ to. the quan tity  of the reco rd ed -e lec trica l a c t iv i ty  
ansi the re la tio n sh ip  i s  .represented by a s tr a ig h t  l in e  {bi|rpolcl> ■ 1952; 
:Biglaiiu-and Lippold, 193**0? Edwards and LippoM, 19!K>i Leman*. 19595 
Iks eon, I960 $.. Asssussen, ’ Paulsen and • .'Bosmsaen, 19$*?)*.
\ *. x T*i3f*ifi op fra: i;if/CBmsoGEAii
- In.general there is  a l in e a r  reXatioasM p between.'oloctroEorograpMo 
a c t iv i ty  and ■ the fo rces m m rtod  by the - muscle  ^(bippoXd., 1952§ Biglcmtl • 
.ond-Mppold* ,195?&; Edwards and MppoXd, 1936? lammi* .1955? -Bason, 1960?
/• : Foulson am! Fasmtissesif 10(15)* ' However, v a r ia b i l i ty ,in
mo rttyoiiudo of - action potentials i s  likely to a lta r  ilie force of. 
extraction-.of a m ode fibre cad a further variation my  resu lt frond- 
ike change® i s  ilie.plrraioo-aberioal. processes■preceding-those action 
potential©# flic -corss^&ectiGa&l area of the' amisclc fibre io another- ■ 
direr tea t factor im .lt determines the airsbor o£ ions available far 
carrying e lectrical current* «it!i ilia cross-sectionalarea , therefore* 
the euailuciance of'the fibre increase©* ..-Iivcreased .conductance '■ ■' 
allora the ionic current to travel' farther along the fibre incroasiiig .' 
the velocity of conduction (Ualsmsson$' 1950)* ■
type o;C electrode; - - - a . : ‘ " '■ ■
The v&£q ': variety of. e lectrodes curren tly  'used in  e lecira^onrcp '#*  .■ 
; ay be broadly placed in-one. of the .two,.'groups -  aarfr.ee electrodes 
z;:‘ A: sorted electrodes# Each Xiao i t s  own' roeriis and ©herieouifrp* 
fV.neece claob'mdvn (normally uilvcr  d isc s ) ' a re  quite, pa in less and 
v ;ry  co to u se . However the preparation of the cldn to r \
ire  e le c t r ic a l  in su la tion  between the' m o d e  and ..'the e lectrodes coauot 
rlw rys be achieved to  a Luoxrn ex tan t A .AMs inheren t flaw-in, tocknieug 
in  l ik e ly  to canoe v a ria tio n  .;.')£»■ the eleetrb^qgr& nu A fu rth e r 
dirnfvn: . .c of iixe' surface d e c  trade its /.that they can host ho imoa
only nv. h su p e rfic ia l musclas ami t h e i r . urea of p ick  up i s  largo 
{kourajian*' -10G7) • F u rther, Grosman and Weiner (1900) suggest th a t  A 
curfoee e le c tro d e s  are  • nasal tab le  ’ fo r  integrated. yIeeim;yoyixrfg% ..
Kcodle electrodes were f i r s t  used m  inserted electro-Acs 
Acklea 11929). Severe! types of'needle? electrodes mm wire: cloctvcdcc 
afo row used* ■ The amplitude ami duration of action potentials v;eto 
mAiuim by Buohihal» .Gu.ld and no&imfaZcU {105-i) by inserting olectrodoe 
2B tines into, the bleeps bractd - of -©no.' subject' using IS d o l la r  
concentric' noodle electrodes (0*7 tsa oxtenml Gicsaater, with an ;
insulated core. of. 0*1 ebt' in  diameter)« In 1,268 recordings of action 
• ^ f a i ie ls  "they ftnxnd. a coefficient of variation of 90# Girl G-0#
' ' i n  tlio duration and the' amplitude respectively* They aloe recorded 
20 action potent!ale from..each of the twenty in se rtio n s  of tho kudo 
electrode in  the essie: subject* The coefficient' of .variation for 
duration and amplitude in th is  aeries 'wore 0*1# and 2i»T' respectively* 
i t  is,-ovideni • th a t the duration, ami amplitude'' o f .action polontia.lL* are 
.mi- repeatable in repeated insertions -using th e  enme 'concentric needle ■ 
electrode in  the suae subject* lo t alm e when using d if f e r e n t ' electrodes•
I n t e r ‘electrode .d istance: '
■ The amplitude aid duration of recorded action potentials .'varies 
with tm  iatorelectrodc distance* The.greater the distance between
• e lectrodes the g rea ter w ill  be the separation of .the positive  and 
negative phases on the trace* W ith  decreasing distm ca t h e y  will be 
brought nearer aid■ nearer t i l l .  one pijjiso -pss scs in to  another imen&ibly*
: Ilcdacbim in  electrode distance w ill f i r s t  reduce the duration and 
subsequently the amplitude. of the trace of tho action potential, un til
■ overlapping is  complete and the positive  and negative potentials £rm  ■'• 
each electrode w ill be Buss&ated* • .If the two electrodes are situated 
equidistant- front tho motor'©at! plate, cancelling occurs as yihe .phases 
of - the action po ten tia l will reach the two electrodes simu! tenuously •
I f  me electrode  i s  picking up electrical charges iron the muscle cad
• the* other i s  elsewhere. at-, an. 'e lectrically  neutral position the trace. =
. r i i l  to Lioaophszcic*
■ Illcctrodc«cru.scle. d is ta n c e : '.
. The Gs3>litmle and duration  of - recorded action p o ten tia ls  i s  
do, endeut .on the distance between the e lectrode -and- the  muscle 
(■ c onsson* 1957)# Ho - placed frog mtBcle f ib re s  through circu lar
silv er electrodes surrounding -iso-.muscle is  a plane perpendicular t o  
the long fads of the-fibre*. E lectrical contact between- tlie muscle 
fibre cad then electrode was established by a filia of Binger*s eolation#
Tbo distance between the nitselc and the. electrode-was a lte red  by 
/ using "electrodes '©£ d if fe re n t in te rn a l diameters* l a ' h is  experiment 
the logarithm  of the amplitude of the .ac tion  p o ten tia l'd ec lin ed  .
■ lin e a rly .- with the logarithm of the distance between’the electrode and 
the- axis - of -the fibre# The duration' of the action-'potential between 
■positive me negative peaks 'increased with increasing distance bciv/ooB 
the electrode and the tmscle fibre* : With a •constant distance batuoets 
the electrode m i the aaic,. of-, the - muscle, f ib re . Ihiksns son found that 
ibo amplitude of an action potential-was proportional to the crass 
.sectional ayoa; of -the nusclo fib re* : •'
"XkwHnis typos of -electrodes in serted  in  d if fe re n t areas: -
■ -. Buchtbsl, Quid'aacl Eoccmfalek (1954) studied - the shape of the 
action- p o te n tia l- in  tea  normal subjects using th ree  •.d iffe re n t types ' 
o f intram uscular e lec trodes , ■ They found. th a t  the diphasic and tr ip h a s ic  
ac tion  p o ten tia ls  constitu ted  81.3# end moaophaaiq/ te iraphosic  and 
polyphasic-po ten tia ls  co n stitu ted  ,15.7# of...all the p o te n tia ls . Xi.thq 
.■' EAiselos• were healthy then only more than'one source could, account fo r
• thc ie tra -  or poiypkasic po ten tia ls*  The duration 'and amplitude o f th e ,
• raco-rdcd action potentials w ill obviously depend on the type of the , 
e le c tro d e smd i t s  spatial relation  to the contracting fib res. Therefore 
i t  is  very likely th a t repeated 'quan tita tive  'assessments o f •the 
olcctroi^rogrisa would be d ifferent for a given level of muscular eontrnetioD 
mmn recorded iron -.intramisculor electrodes inserted repeatedly  in  the  •'- 
cone or different areas-of the tausclc*
lAJsoirioisl -property changes of Urn tissu es;
Witli iii9orteei oieetFa3.es Urn -'reeoimngs of a c tio n 'p o te n tia ls  
will v&ry %;ith the eAm-icoa in -the -ionic concent rations around 'the 
• -electrode# 'I t !  increased ion ic  .concentrations there  w ill ha an 
enhanced conductance-•' Buck ehmgm nay ho earned'am to the in flu x  
of Mood# There'are -.tissues ouch.as fascia , fa t and ©Ida which are 
reoistani to  ionic movement end-also ham capacitance' {the a b i l i ty  
\to 'd a re  e lec trica l charge)# Them factors are variable, laid mist ho 
ta lsn  into acooimt in assessing-eloctrosyograpliic records# With - 
aldn elec trodes these v ariab les  become, greater hut i t  16' not possib le  
to  co r e c t th e s e  -errors# . Hm'ever* measuree. can be taken to' reduce 
these resistances, as w ill he discussed la te r .
■hlEOlM! FATKJUS--
Sbore-is no s a tis fa c to iy  d e fin itio n  of muscular fatigue &Xtbouc#i 
i t  i s  e a s i ly  demonstrated experim entally by prolonged muscular 
"contraction# . - I t  has been .defined by Karpovich (WOBj- as “a  decrease- , 
in ' tho workc capacity  caused by work i t s e l f  (V. -With the onset of 
■ rm scular • fa tigue  changes become apparent both in  the q u an tita tiv e  
. osaoscaoni the-regu larity , .of the electrosyogram# ’ These 
constitu te ' cm objective gauge of fatigue  but do no t'.o ffer ;a  r e l ia b le  ■ 
in d ica tio n  of. changes' -at;, tiio ncarosrasculor le v e l ' because psychological 
fac to rs  may modify- the muscular contraction  -during the s ta te  of- 
•fatigue# The so factors, a re  n o t fu lly  -control Xable ancl' p rec ise ly  
measnrablo# . However, Back e t  e l (i928) have shewn' ‘th a t fatiguo m y  
be '.estimated -by moasuremv^ts of ilie heart rale* c m i  a ,  Eduards-a nd. ■ 
F i l l ,(1033) by oxygen consumption, and .B ill ,  .Talbott titlO' . A A) v/4#La- 1
by m etab o lite s ' r e s u ltin g ; from muscular'/-activity#'. llofortunatcly even 
today-there does n o t e x is t  a  method - to  ■ measure fa tigue  in  ind iv idual 
muscles during the course 'of contraction* ■' The • s i t e  of fatigue  cay a lco
he variable* . I t ,m y  a rise  in  - the muscle f ib re ,  e ith e r  in  the' c o n tra c tile  
tissues',.or a t  the muscular memlxranes; a t  the motor end p la te ;  -or -in/'the 
eeatra l.nervous system* ■.
■ Seyfi:GrtIr '(l940) found. that recorded p o te n tia ls  were progressively  • 
reduced w ith  increasing' fatigue due to  prolonged volw aiaiy, period ica l 
contractions of. the -muscles of the fore-arm. Such reductions in  p o te n tia l 
were magnified by/obstructing the blood - supply to th a t p a r t ,  and re­
establishm ent of the c irc u la tio n  allows action  p o ten tia ls  to reappear*
- However., Lundcrvoid- (1951) ..described' no important eleetroa§rographic - 
.a lie ra tio n  in  the record o f head 'muscles.'a f t e r , repeated... coatractioa 
-causing fa tig u e  due to  involvem ent■ of accessory muscles* ■ He found th a t ' 
isiiGCles not- normally, active during--.ouch movements'were rec ru ited  end 
become 'hyperactive* The - significance of blood supply in  the contraction • ■ 
. o f e  sin g le  sm all-muscle'was demonstrated by Merton ' (1954) • • Under the; 
-experimental', conditions'-'used by Merton the action  potentials e lic ited , 
by motor nerve stimulation were no t reduced even in  extreme -fatigue*
Be sliowed th a t i f  the c irc u la tio n  was occluded the muscle did no t 
recover-from the fa tig u e . ' 'Christensen (1902) believes th a t Eyohcmoglobih 
. i s  consumed -In prolonged muscular contraction  -which gives r is e  to. fa tig u e ; 
during sho rt and vigorous a c t iv i ty . th is  does not.happen so f a t ig u e 'is - : 
avoided*. He-found th a t repeated periods of vigorous' contraction 'of not 
more than - half • a . minute followed' by rest' of the 'same duration did no t •/
' re su lt ' in  fatigue* ;
...'■Eason (i960), while recording" the a c tiv ity  .of flexor-digitoruM' 
su p e rfic ia lio  of the forearm'by surface electrodes during.prolonged ; 
con trac tion , found that . the amplitude of the In teg ra te d  electromyogram 
increases continuously with time in  both active and passive muscles •' fie 
suggested, th a t as the e ffic ien cy  of the motor units'- declines duo to- tlio g 
.prolonged a c t io n ,■ additional motor un its  a re  progressively  recruited to  .
mono up the lo ss  in  '.con trac tility#  ' Smaxibim ox the action  potent I d s  
&£ hm p re -ex is tin g  and add itiona l motor u n its  normally exceeds the 
f u l l  in  the amplitude of ike o rig in a l po ten tial*  Vmevoi\ in  isxinterratod '• 
0loctmiy0ora.GS Carlson* A lston -and• Feldaaa (3.0G4)* and Ia s i ana Honcho 
(10C<?). have found - th a t  -daring - b r ie f  maximal yolvsxtazy s t a t i c  con traction  . 
in  a  ru sh e r .of iwdes.. there i s  a decrease l a  the a-coa traplitale- of 
action  po ten tia ls*  They fu r th e r  found.that th is  reduction in  amplitude . ■ 
tim noboeiatod with a "fall in  muscular tension# Tim f a l l  .in  amplitt&le 
cry  be due. to  a-reduction in  -ilio mmh&t of active  mmole £ lo res * I t  may' . 
happen tlno to  sods' spinal motor-neuronss becoming inactive* during siicls c. 
c f ‘t  'aotieii*-md. th a t th e  in a b il i ty  to  propagate or transm it th e i r  'ac tion  
p o te n tia ls  jany ..also b o 'a  cause of decreased aap litiM esiof ac tion  ; o o:. thole* 
'«  t i  o lec ts’ica l; stim ulation  of a: motor, nerve 'the  decrease-in  m sc u le r  
tension was found to be - le s s  than th a t occurring with vo lu n ta ry ' 
con trao tiocs ( lu o i, Salic ami l e c b i i* 1067) *' AMs suggests th e  cudsfcoueo ■ 
of 00no Cw-vFg3. in M M to iy 'fa c to r-f  governing motor mrnom  a c t iv i ty .  ’
Abe foot that a muscle fibre' fatigued duo to ic|?etitiv0- stimulation'of 
ito motor nerve con tracts m'being stim ulated d ire c tly  has led SxrpovlclE 
(iOGb)..- t o . believe tlia t tlio setsromotor junction  is- the 'probable c i te  of 
fatigue and w r j : c  that'.a  nervous' in a b i l i ty ' to-'prapogatc' m  action 
potential .i r  j^c lik e ly  to be? the cause#
In b r ie f  oaselc con tractions fatigue i s  un like ly  to  develop in- the  -.. 
nstselo f ib re  i t s e l f # ' However,. sustained con traction  aiy  r e s u l t  in  
reduction of the tension developed in  response to  mx ac tion  po ten tia l*
I t  io  l ik e ly  th a t in  time csielusi ion concoatration w it bin the aarcoplasnie 
.m M m lm  w ill  t a l l  and ifeo 'amount of ava ilab le  adenosine tr i |» o s |d ia to  
and glycogen within the ■ .cytoplasm o f - the f ib re  w ill  he p rogressively  
reduced# ' However, there  i s  'no/Conclusive evidence fo r,any  of these t i l e r i e s  * 
. Besides«■ the - fall- - in  tension '.in  response to an action  p o ten tia l a f t e r  ■ ■" 
olv e l  coHtraction Iiao no .'more- evldciiee tlian the  observation of
TCx/csdvi and XippoM (1956) easel X»o*snaa (1056)* iI?oy found that the 
electromyographic ac tiv ity  required to uainiain a level of fbx-ee 
*/&c greater after'prolonged contraction than a t the -onset o f'the:' ' 
a c tiv ity *
'ximxzATmi m% i t  c::2 jncbm : .. • . ;
Uao caa amsaari.ee-the p resen t s ta te  of knowledge of ion ct i r  E 
e lo c tro ^ o g raa s  by s^ d a g  th a t  &» o lectm iyogm a i s 'e a  unintorraptod'' 
tra c e  of v/eve or waves of p o te n tia l d ifference  across ib© sa rco le^ ia  
represented in  v o lts  recorded against /time# Such a m anifestation ' of ■ 
m acu la r ac tio n  increases in  amplitude as .well- os frequency with 
1300201 t o o n t ; of m t e  i m d  m e r e  motor u n its .  G e n e r a l l y  the s ls e  o £  t h e  
motor u u it i s  re la te d  to  th e ' ©stent -of - the, exerted  fo rce , anti the.
r ‘"e and duration of. tlio ac tion  po ten tia l • The estim ation of the 
to ta l  voltage generated -in a  given time may- bo mode by In teg ra tin g , the-, 
trace  c ith e r  p loaim ctrically  or e le c tr ica lly *  H o a io e tr ic  in teg ra tio n  
£3m  m  imks by uemmdng the  areas between ilm base lin e  cud the trace- 
md cjiidn^; thm* Tisis noihod I s  n o t on ly 'ted ious end tin e  'ccr.se/lnj 
but a lso  l ia b le  to  error*  both personal and technical*- Furthermore* .
Y
f a  imm s itu a tio n s  i t  m i l  he impossible* ‘
E lectronic in te g ra tio n  r e c t i f i e s .d e flec tio n s tr m  one side  of .the 
base l in e  and provides & q u an tita tiv e  figure  ob tained ' trsm :th e ' v a ria b le s  
of am plitude, frequency and sp ite  shape* The in teg ra ted  value of the ' 
eloCtra/yogrcm trey be measured in  valt-secoHcIs* The inheren t flaw doe 
to  c o in c id e n t' spikes of ibe./spihc counting method of in te g ra tio n  ler ■ 
done away w ith in  the '-electronic in teg ra tio n  ••taoihod because i t /  w ill  
be recorded go increased {gopliittdc on the trace* Tims triih  g rea te r 
sn sca la r tension when several, ac tion  p o ten tia ls  overlap q u an tifica tio n  
of tha.olocironyograa r e f le c ts  .th is  pam aeier wtiieh-would no t otherwise 
ojpear* However, the biggest- disadvantage of th i s  technique i s  .-that i t  
i s  incapable .of d iscrim inating  between signals 'and  a rtifac ts* , fiirthor^-.
i t  Is worth pointing out that integration can. never be absolute boeau&c 
the amplitude pf the signals picked 'tip %/ill be affected by the place?,lout 
o f .electrodes and the relative amplitudes of e l l  the motor units and 
' 'Um %mm form of the'tup* m y bo altered by o sh ift of' these electrodes* 
H ie duration of the "action' potential is  aim  affected by the distance
• between the electrodes and the source of signal generation*
liilk ie  (19!?®) says' th a t  since the p m p m m t  waves of the 
. e leciroayograa vary considerably .in uim  the accuracy of the e s tim a tio n ., 
■' of -m y  o f th e se ' in teg ra tiv e  -parameters f a i l s  o ff  rap id ly  i f  the length  
of the record made i s  too short* S iis  l im its  the speed a t  which 
'mvmmti- can'-be sade when so se 'fo m  of in te g ra to r  i s  being, used* In  
.general; th e ;g rea te r  the speed the lo ss  the  p rec ision  of the laeasuressont* 
'According to if l l ls ie  only th e -m e t general q u an tita tiv e  in te rp re ta tio n  
should "be put on the oleetrojvyograa*', .
■ Although integrated clectronyogrmm offer an immediate numerical 
value which may bo fed to automatic device© for analysis, only United 
eogai ssuhoe should .be -given to such .results due to the rieb of largo and 
variable errors* llhilo single to do,. it s  inherent drawbacks are such' 
that i t ,  cannot be used as a standard and constant p -raaotcr on t-Mch 
firm .analyses ray bo based, "and therefore - integration ha© not boon used
• in this study* •
- Bleetro^rograp!ry i s  a'valuable- tool' which bao bees and may fu r th e r  
tie usefullyem plcyed to  explore  ^ a c t iv i ty  p a tte rn s  of the- trank  
txtsclc® e i th e r  during ac tion  or a t  r e s t  i s  any - relevan t' posture. ' I t  
any a lso  y ie ld  usefu l in fe r* a tio n  about..the responses of those' muscles 
to  a s te rn a l s  t im id * , She deie ra inaiion  of the-p recise  fuae tioa  o f . the , 
'trank  muscles i s  renderedsomewhat more d i f f ic u l t  due to  the-complexity 
■ o f 't t ie  e rec to r ;aplnac group, -the■ eiiperiaposition of the several'. muscles 
: la y e rs , and v* * loptli a t  which many of them lie *  ■
Erector sp inner
. Although Fiek (iDil.) Iiacl hypothesised'.'that the' -erector epiaas : 
-group of maeleo'pass into a  s ta te  of complete relaxation rhea the ppino 
.is folly flexed no osperitaenial-.evidence van- available until Alloa (104B) • 
.reported Ids findings* Using elcciroqyograpby he foimd • that • the oreetorOB 
spimo were active during forward flexion of • the trunk iron on erect 
in i t ia l  postu re .. He . found l i t t l e  or no ac tiv ity  in a fa s t flex ion , while 
•with a slow mveiaeat the ac tiv ity  increased with-flexion until' a ieraiiaal 
fu lly  flexed posture i s  -obtained whoa m scle  €e i iv i ty  ceases.' Any farther- 
forced, f ic t io n  .iloos mot a c tiv a te . these muscles* lie therefo re  concluded' ■.
: th a t f i r i n g  flex ion  the erectores. spinas undergo contraction  daring - - 
• e longa tion ,/m&' i n . fu l l  flex ion  the 'weight of th e  trunk i s  home, by the . 
p o s te rio r v e r te b ra l . ligaLionio and fa sc ia e •1 In extension from the 
flexed ."position the e rec to r epiaao group hm m m  active*. Haring _
l a  a  ..balanced upright p o sitio n  the e recto res spinae-' remain quiet* ■
•.In 1 9 5 0  F l o y d  a n d  S i l v e r  fu r th e r  '■IwmizirttC  uhe function o f .  
. . O r e e i o r e e  spinao muscles i n  flex ion  of t h e  trunk* - I M s x g  m u l t i p l e  s u r f a c e  
electrodes ( e c n c s v o  s i lv e r  p la te s  t  cm i n  \ 3 i m t c r )  o v e r  the e r e c i o r a s  
e y i n u o  c t  t h e  l e v e l s  o f  t h e  s p i n e s  o f  s a d  I . . .  i n  e c ^ b i m & t i o n
w i t h  l i d o  O l e  electrodes in se rted  in to : the d e e p e r  . - p a r t s  of t h e  m u s c l e s
'(the &x£kii£l£k) they' recorded • the* a c tiv ity  of.' the .whole -duccIo e» \b : * 
h e i'uh 'uy ; r*'&; the two types of ■ electrodes were eimilary ac tiv ity ■ .• ■ 
■Lu llm iccmcv parts of ike'saasele reflec ts that chained by the sariueov■ 
t\?ee;:\>s>3* IT / *.ad Silver coziiin&d Allen’s .finding ilmt-iii the. 
■balnsieed. unrig? u Ck ndlng position activ ity  in  tlie croc tores. ,^pi;:r.r 
tmoelet was'nininar'aad that in  flexion ■■from on frig h t.p o stu re  the v 
ercctores spinae :act; ae. aiitigravity m odes to. prevent the trunk frea.
2 1 ax fon^arclo too'rapidly* Again as Allan hod .ehtfsn they found V<:1 
m  ctmploiion of the movement, the muscles relaxed .while tho trunk re vie 
flonad end ilioy o» reed that in  th is poslure-the muscle action in' taken ,. 
■over, by iho poswcertebral .ligaments* The*r. observations on a c tiv ity  - 
during extension from1 ike-.stooping position d iffe rs iron those of Alloa, 
since they found that in ike eaiiy  serges of •the movement-no- e lee;, nurd 
clIIvU’j Is recorded * Contraction of the eroctores ‘spinae as ohoi-si ; 
by oloctrcxjyograxfiic ac tiv ity  does not begin t i l l  bands have nearly 
reached knee height? th is activ ity  las ts  frea there un til the upright 
£50sta re  la  regained*
In a ' l a te r  study"Floyd-'and S ilv er (1055) investigated  the : 
bt"iho-e re c to rc s 'spitme muscles iacerta iuT Jow roeats urvC 
postures In  150 innioa subjects* As in  th e ir  .previous study th ey . wml . . 
surface mil noodle electrodes* The e lectrodes were placed symmetrically 
in  p a irs  over the-most pronincmi p a rts  of the thoracolum bar and ludhax? 
o m l  a c.dnue ciuselee* -Fhey correlated, the dcciroayograpbic a c t iv i ty  
with postiire iy  photographing the su b jec ts , taking d ire c t measure-neat: 
of the m Ivic  in c lin a tio n  vTLU the t i l e s  pelv ic  inclinom eter' (nltoo lOh?/ 
crnd 'tcM ag la te r a l  x-rcy p?:ologru -ha of the sacrum and lumbar..vertebrae * 
Floyd aiicl Silver--again found th a t in  oney  upright standing poo tunes 
iuo or^c' r*oe spinae emscIcs "are nom a lly  only bare ly  active* • Aids 
se a l!  null r t i y  can be "reduced s-o-ro-'ty s l ig h t  adjustment of -the
p o sitio n  o f head, shoulders or. heads, cad acquiring a  position  of 
equilibrium  o r Balance* From ib is  upright posture hyper'extensibn^ of  ^the 
trunk  i s  in i t ia te d  by cm i n i t i a l '  sho rt b u rst of a c tiv i ty  of the oreei-oros 
cpinae group and fu rth e r extension i s  .controlled by elongation coniroc&loa 
of the roetus abdominis muscles. Flexion of the trunk from th is  position- t  
of esteiisioa i s  in i t ia te d  by the rec tus abdominis muscles and i s  
■ subsequently c o n tro lle d 'by .the e re c to re s .spina? muscles* They found 
. th a t  la te ra l  flex ion  -from the  standing position  induces con traction  In  
the contralateral e rec to r .spinae muscle except when the i n i t i a l  p o s itio n  
i s  one of lypercxteasion* Fids c le a rly  suggests ilia tf  ..for th is  movement 
the © reciores spinac are  only antagonists and n o t prime, movers. Floyd 
end S ilv e r-a lso  found th a t  the  eree to res  spines muscles con tract 
- oyserg ica lly  during coughing and - s tra in in g  irre sp e c tiv e  of th e  pasture 
of Mm trunk* Such contractions, occur even during f lo s io a -re la x a tio a  when 
iim  trunk i s  felly stooped* ■
t/I ib  the .subjects standing* .-Floyd-and S ilv e r found th a t the 
oloatrcmyogrcvMe a c t iv i ty  -. -of the erector. -spinac disappears e a r l ie r  
in  forward f le x io n ' than i t .d o e s  when' he i s  s ittin g *  However, I s  some 
sub jects ihoy found complete' re laxation  in  the s i t t in g  and not in  th e  
tuEr ~ng postu re . In f u l l  trunk flex ion  they found- *flexion^relas& tiou1 
in  l td  out of 150 subjects* . l a  the remaining- Si th is  stage w as. p reven ted . 
cltis to  various pathological cond itions. Flexion re laxation  occurred a t  
a l l  p o rts  of the e rec to r • ep iaae, ' both su p e rfic ia l and :'deop* - they  a ag g o st. 
on the basis  of anatomical -.considerations - th a t the in te rv c rteh ra l ligam ents, 
■tjcctasieally in  p a ra lle l  w ith  the erectoros spinae m uscles,1 eve the 
s tru c tu re s  -nosi l ik e ly  to-.sustain  th e  g rav ita tio n a l ©csaenf' in  tho 1 f le s io n -  
relaxationV phase. i’h e ir  radiological.; investigation-show s' t h a t ' during 
flex io n  of the trunk , the poin ts o f .attachment of the ereotorus spiauo 
muscles and of the intervex’tebr& l ligaments are drown apart*- th in ' r e s u l ts
in  1<XC-honing of -the muscle f ib re s  'while exerting  tension  and thus 
.dolrg c iiv e  work-.{Floyd, 1952) and the increase i n i k e  tension-Of
■ th e  Mmmesii* As fo r ,ike mechanism ofU’Jexion^relaxation1 no d e f in ite  
explanation lias been .offered* • hi th e i r  opinion i t  could be brought. 
about e i th e r  by an involuntary  re f le x  automatic adjustment of the 
aoeclo 'action; o r i t  might be a voluntary re lax a tio n . They re jec ted  
th e ir  previous oxplimatioa (Floyd and. S ilv e r , 1950) of a  reflox
■ in k ib i to ty 'mechanise triyaored  Aoff by -tension in  the .■ i  aterv&rtebxcti
; ligcsaeais because i t  would not be confirmed in. the  .monkey (S ilv e r , 105&;,* 
Floyd esc! Silver. (1955) a lso  repo rted .th a t  "the.ereciore© spinao
■ m seloe-rem ained s i le n t  during the  's ta r tin g  phase -'-of weight l i f t i n g  
in  'Mm stooping' p osition  -where th e ; load was le s s  time 50 'pounds. They 
shooed th a t  movement a t  the hip jo in t  i s  .responsible - for the apparent 
i n i t i a l  extension of the trunk and th a t: the ligaments of the back wore 
required to  carry  the weights w ithout the help of muscles* This accounts 
fo r  the findings of Bavie, Troup' and.Barnard ;(1985) th a t  lumbar cj: tension 
during comparable l i f t i n g  movements - did not begin tm til  the weights had 
boon l i f te d  to  a  s im ila r height* However, w ith heavier weights; above
15 te  30 kg*-ifloxiO B -relaxatios1 -in stoop l i f t i n g  was not observed by 
fbsljinaga pi 1905* '. .Thus th e  observations about the c a p a b ility  of 
•the in te rv e rtc b ra l ligaments of ,the> tasbar, icgion of re s is t in g  flexor- 
fo rces (iSo* ‘ID'09) are physio log ically  associated  with the ♦flexion- 
re la x a tio n 1 of the e rec to r spinao n ic ie s *  The flexo r forces ac tin g  on - 
Urn lower-trasik deriving from the weight of ...the upper p a rt of the-body* '• 
ibb weight h e ld ■ in  hand.©, and' by the add itional force needed- to  overcast© • 
th e i r  -collective in e r t ia s  - a re  - borne' by th e ' posivcrieb ra l ligaments during 
the .early  phase of l i f t i n g  from the stooping position* •.-. In' th is  phase 
..the prime movers of the trunk' a re  the extensor muscles of the M as 
-'• (Fbriaoy md. Morin, 1956? Joseph and W illiams, -1957j Benslow and Gut02isols.1i
There is. i l g e n e r a l  agreement about the functions of the eroetoit?© : 
npinm. during extension of the spine and when resis tin g  flexion (Allen, 
"i04G? Floyd and Silver, 1951, 1055? Silver, 1952; L-kleflohoM, 1058;
Besrielav, 1001; M orris, Bonner and Lucas, 1502;.As&assen, Poulsea and 
naom sscn, .1005, YosMnaga ci. a l; iDcnslov and GutGnsolm, 190?) . Ttao 
ro le  of the croscles in  the maintenance of. uprigh t posture bar incurred some 
controversy* Portnoy pad Morin (195.6;,. using two surface e lectrodes a t  . 
the lev e ls  of the  f i r s t  asci th ird  ..'lumbar vertebrae found no a c tiv ity  
in  fo u r, in te rm itten t a c t iv i ty  .in 'five  and continuous a c t iv i ty  in  seven 
of the six teen  su b je c ts  studied# However, they confirmed - the f in d in g ' . 
o f  Floyd and S ilver (1951, 1955) th a t minor postural adjustments cou ld . 
abo lish  muscular- a c tiv ity  in  th is  .region# .However, i t  any he argued th a t  
/ th e ir  plaeomcjit of e lec trodes was no t sa tis fa c to ry  fo r two re a so n s ,. f i r s t ,  
due to  wide separation o f • th e  e lectrodes they are l ia b le  to pick up-from 
a ouch la rg e r area 'o f muscle j and secondly th a t the  s ta te  of m ac u la r 
a c t iv i ty  may vary a t  different" spinal levels due to d iffe r in g  re la tio n s!tip s  
to  the moan vector:'forces on 'the  body* ' Joseph and l le te l r ,  1961, analysed 
la te ra l  x-rays'*of the  v e rteb ra l column and found th a t the lin e  of • weight 
of the  liocly ab ova ..-the lumbar region passes behind the- transverse, ends 
of the .jo in ts  betareeat those vertebrae so th a t the' weight of the  trunk  
iti  the uprigh t posture ac ts  as mi extensor force ..da the lumbar reg io n ,-.
.and concluded th a t th is  was the reason fo r  post ve rteb ra l muscle in a c tiv i ty  . 
in  th is  position* ■
F urther, they found -that in the - lower thoracic  region ilse. s i tu a tio n  
i s  reveresed cad the lin e -o f  weight - passes in  f ro n t of .the transverse  
.axis of the tho rac ic  In ic rv crtek rn l jo in ts ,  and in  p a ra lle l  cleeiroaiyo-- 
gr&pMe stud ies showed' th a t there-was e rec to r spinoe a c t iv i ty  i a  th i s  
p o sitio n  a t  these thoracic  levels*" Foi* "their s tu d ie s , Joseph and l-oQoll 
une& 12 p a irs  of suction, surface electrodes between the tipper p a r t  of 
the saertsa-.eod the spine o f ' the fo u r th ;cerv ica l verteb ra  in  twenty Oslo
variation in  -different subjects a t any one vertebral level* The activ ity  
of .the oreetor ,spina© a t .these various levels gave a d iscern ib le  ]Xitiera 
in  fifteen  out of the twenty su b jec ts# . They found ibnt* a t the love 1 
.-of th ird  lumbar verteb ra  there  v/cs l i t t l e  o r no a c tiv ity  as compared 
with the lower tboraeic. region a t ninth or, eleventh • thoracic v e rteb ra l 
level* A t-higher lev e ls  the  d e tec tab le '-ac tiv ity  decreases'and m-9 or 
only s l i g h t , 'electrca^rograpliic a c tiv ity  'i s  found in  the lower ce rv ica l - 
EOgiOB* . :
. Bento lev  (1901) investiga ted  tonic ac tiv ity  of -the sp inal, nuscles 
associated with displacement of the centre of gravity" of 'the body both 
w ith in  cum! beyond the lim its of the area of support .provided/by/the 
foot* They .also studied the effec ts .of reduction .of the area of support 
-'reuniting from change in  the  p o sitio n  of the fee t*  lie employed fo r ty  
male -subjects -of ages ranging from . 18 to 27 years and observed crasc-Jo 
ac tiv ity  by aeans of s te e l  needle electrodes#. In the..undefined lying 
position he found a complete silence  on both sides during respiratory 
pauses mid voltm iaiy ; a r r e s t  of r-aspiration* Synchronous a c t iv i ty  did 
occur during- in sp ira tio n  and the beginning of expiration a t a frequency 
of 5 to 7 per second* ‘ TJse- frccpicniy -of firing  rose to 10 to 18 nov 
second anti, the magnitude 2 • to 3 times bigger and IB to 24 per second 
mid 4 to 5-times greater during M iller1® manoeuvre and the Valsalva 
■oeaeeuvre respectively# Both t h e . frequency mid the amplitude of the 
a c tiv ity  was found to  bo greater, p ro x im lly  than distally# ittsc le s  
in  the pelvic  region remained e ilea t even daring respiration# A rtif ic ia l 
re sp ira tio n  a lso  induced - cm. a c t iv i ty  of - a  frequency of 5 to 8 per 
second in  decerebrate rabbits and. cats*
v/liilo standing'in- m  easy posture with the foot separated to  a .  ' 
■distance equivalent to the -width of the shoulders synchronous ac tiv ity
was observed By Bsnlelev during respiraticm . wbien bad..a frequency, of Y 
to  9 'per second* When the foo t. ami. heels were drawn .together ilie 
f  v/„ eney rose to' ID or more . per second said the amplitude rose 2 to  8 
ta'ieo g rea te r  than the  i n i t i a l  one# - •'Furtbeaxaoro, • the a c tiv ity  of the 
r ig h t  ma l e f t ,  lo n g issim s muscles ’become asynchronous#
' p. Pleadon cad tnctcn/gien of the .head, s im ila r to  the trunk , wigs 
aeconpsmied by -s;yicbronoas. increase ac tiv ity , on both sides in  the. 
loiigiseioas d o rs i muscles#. l i f t i n g  one arm forwards induced considerable 
electromyographic a c t iv i ty  in  the long iesim s muscle of the name side 
md  s l ig h t  a c t iv i ty  in  th e  isxiscle of the other' s id e , ' .Whoa tbs ra ised  ; 
mm t?as supported the  a c t iv i ty  decreased considerably, When one arm 
was raised, la te ra lly , muscular a c t iv i ty  on th a t side was depressed whereas 
th a t on the o ther side was -considerably increased. With support to  the 
raised 'arm  th e  a c t iv i ty  o f th e  c o n tra la te ra l ' muscle gradually disappeared 
lientolov observed th a t -la tera l flex ion-of ,tk© trunk to  eae side iai2ts.ee?!. 
a c t iv i ty  in  the. longiceim usrdorsi muscle 'o f .th e •'c o n tra la te ra l .s id e * ' an 
-observation i n i t i a l l y  m ae by Floyd and ' Silver. '(1655) ♦ He a lso  no ticed  
th a t  a  s im ila r p a tte rn  of a c t iv i ty  i s  encountered in  la te ra l, f lex io n  of 
'■the head, , . .- . .
Utrriss* Besmefa a id  lacaa (1002) investiga ted  the a c t iv i ty  of ' 
d ifferosit smiselos of the b ach .- i l i e e e s ta i l s  6org i» -iliocosta l!©  Iisdborns 
long isstoas 'and ■ ro ta to rcs  in  the region of the ...9th' and 10th r ib s  tm£ 
m lt i f ld t i s  a t  the .f if th  lumbar verteb ra l lev  c l -  by moons of in se rted  
ceppoirwire electrodes during various trunk movements* They .found; th a t  
'in  t-fio. easy • stand ing , posture the lo ag iss im s -dorsi was coatinaonsly 
ac tive  -Whereas ■ the o ther studied muscles 'became occasionally  active , with 
s l ig h t  -sh ifting  of the body weigl.it, However* f a l l  silence  was gained.’by 
s l ig h t  end: gradual extension. They also  'confirmed the work of Floyd mid 
Silver (1950, 55) by. showing that-during' s a g i t ta l  .movements* the  e re c to r  
spinas muscles* as well as -the.• ro to ip x es.mid the m nltifidus-w ere a c tiv e  ■
Iii opposing the force of'gravity i n -flexion and extension aria wore' quiet
in-rctesed fu ll extension* ' However, in. la te ra l flex ion  thoir <&servatiou
■ vac c lfftjre rii Crocs thorn o£ Floyd and' S ilver (1955), end Boaiolev. (IbOl)
.fen they reported b ila te ra l a c t iv i ty  in  tiie erector spinet*, with
flex? on resulting imm mi imbalance of the forces' exerted by the tmy-
©idea* T •©/ found that in  the- jimjority of -the sub jects the itdmleuce :
mm m  favour of .'the ip e ila te ra l muscles, vMeh thus supplement the force
of g rav ity  in  pulling the trunk over, :' In -ro ta tio n  ox the trank they.,
: found _ tha t the. ro ta to rce . and ■. the imiltiJTictus imm active in  con tra la te ra l.
rotation ' m€ the erector spiirne i n  ip s i la te r a l  rotation*
. o r r is , Benac'r'..and Ine&s found that in a l l  movement©.involving .
a deviation' of the trunk from’-the midline position the muscles of foctiug
hide i n t rcsaiB ei s i le n t  during the' re tu rn ; of I ho ti% o the ■
.'- ' . ’ - - -
"vortical p o s itio n , In th e ir 'o p in io n  th is  jaave&ent in  brought about b y
tiio ligaments aad the passive e la s tic ity  of the muscles •; Xu th e i r  .
 ,„ais the longissimus derssi iliocosta lie  dorsi am: iiio eo sta lle
lu ffo rao  did  so t show p a ra lle l  a c t iv i ty ,  micl.oao may he-:active without 
biz o ther 'too* Their- study showed that' in  various trunk uovorsmte the  ■
boa* muscles have 'two d i s t in c t  functions, - sometimes they in i t i a t e  a. 
soveheai' and a t  oilier times they s ta b ilis e . the-, trunk* Almost./ a l l  the 
movements o f the trunk are brought about from in te ra c tio n  of the v a rio u s  
imoolc-s, i ’ e ia  being considerable individual differences' in  p a tte rn s .o f  
a c t iv i ty .  ; .
"F rase r (1057) studied tbs electromyographic a c tiv ity  o f''th e -• 
-extensor muscles of the low back, in  a number of postures am. a c t iv i t ie s  ■ 
in  ten  e d u lts  by msrfec© • e lec tro d es . • She found. th a t most .subjects had 
nmc a c t iv i ty  in  the Im  hack extcmor "muscles, da ring  relaxed standing  
which hoes so t seem to ho .s ig n if ic an tly  reduced e ith e r  by' doing on 
us cJZmd manoeuvre which she ca lled  a  pe lv ic  t i l t  o r hy placing om
lo o t on a  ©tool# Tho persons i n . tier study tended to  assume ass.. upright 
s i t t in g  .-posture in  which! there was no a c tiv ity  in  the low bach muscles. 
F raser found that, a l l  ■ v a ria tio n s  -of. the kneeling position  ■ produced more-' 
a c t iv i ty  than relaxed standing. The a c tiv ity  in  th e  low 'back muscles . 
t id le  hole!Ing a m ig h t  vms minimum when the load was held a s ' close her 
the m id-line .-of the body a s ' possib le  - Slie found th a t  rising, from the 
■ supine to  .the s i t t in g  p o sitio n  could he brought about with 'minimal' or. 
no e rec to r spinae ac tiv ity *  ..while steading up from the s i t t in g  or' squa tting ' 
p o sitio n  caused Continuous moderate to  maximal a c t iv i ty .
W alters 12nd Morris (1970) perfonaed olcetrcmyograpliic otudieo to  
compare the- e le c t r ic a l- a c t iv i ty  of. the e rec to r spinae -group" of muscles 
. (iongissimus dorsi* i l io e o s ta l l s  luszhorum, i l io c o s ta l i s  dorsi * m uliifl& zs 
and rb ta to re s )  v;ltb/J>. th a t of the, abdominal muscles in  norm ! sub jects 
during standing and w&XldUsg® with and without ■ sp inal supports. They - 
used a  lumbosacral co rse t and a  chairbaclt brace became they represent 
the two types of spinal support often  proscribed* They found th a t  w ith ' ' 
him sub jec t a t  r e s t ,  both ekairback brace and tlio Itusbosacral co rse t 
c ith e r  decreased or had no e f fe c t  on the e le c tr ic a l  a c t iv i ty 'o f  the 
hack muscles in  the m ajority  of the su b jec ts . With sub jects walking a t  • 
an easy pace ne ither, support bad-.a s ig n if ic a n t e f fe c t  on the a c t iv i ty ' 
but- when' they walked a t  a - f a s t  speed* wearing a  chairback brace Itacraoseu 
the a c t iv i ty  In  the  m ajority of the. su b je c ts .in  comparison with the 
a c t iv i ty  of those 'muscles when no support was w orn... . .
Tno. pa ttern  of posture a c t iv i ty  of. the  e re c to r  spinacr muscles has 
thus been onionsivoly in v es tig a ted , but th e ir  responses to  various 
ex ternal stim uli a re  no t so w ell known. Pcmslow and Clouy (1841) 
studied. re f le x  a c tiv ity  in  these spinal ex tensors. .They in se rted  noodle ■■•'■■ 
e lectrodes in  subjects lying prone and relaxed with th e ir  ex trem ities  lu  
oya ■etrioal p o sitio n s , mid the head and face In  tlie .micVline*' They fmsMi
?kat sing le  motor un ite  wore discharging a t  a ra te  of S to 24 per second* 
Bomlm mm lla sso tt (1042) observed th a t cutaneous stitm lniioa. with 
-iieouloe ©ad lee  increased the motor un it a c tiv i ty  in  the. arose of 
increased. muscular tension in- ilte e rec to res sylnae m s e le s * ' They. '• 
derived th a t  'the decreased threshold ..for c&immmm stim uli cmd the 
spontaneous a c t iv i ty  of motor units-.'la tho .areas of the e rec to r spina©
In  which re s tin g  iono was increased *' saggestcd a  c en tra l excita to ry  
.sta te*
Bonolow (1944) found - th a t  m otor.unit, a c t iv i ty  of • the e rec to r 
splnao -could bo evol&d-:by ap p lica tio n  of mechanical pressure to  th e ' 
.processes* -.. bo used, a pressureiaeter an a  stim ulator whoso . 
t ip  was a  grooved .Incite  block to  stradd le  a .s in g le  v e rteb ra l spinoua'.
. process* The edges of the block were rounded 8f»a th a t  the maxtsurrt 
-pressure might be applied to  the spinous processes with a  mialtiKm 
deform ation.of adjacent tissues*  Attached to  the  tip-w as a  rod leading . 
'to an '.eccentric device which novetl the t ip  15 m * forwards a t  a  se lec ted  
pressure* Ife applied a pressure of -I to  7 kg. in  stops of one kg* 1j3 
in se rted  nix p a irs  of needle e lectrodes ' pcraverfcebrally* a t.re g u la r  
in te rv a ls .between the  f i r s t  .thoracic and f i f t h  lumbar le v e ls , and 
recorded. the p ressu res ' needed to evoke muscular a c t iv i ty  in ,th e  n e a re s t 
.pair of e lec tro d es:.on'.each side of. the spiney .' The threshold fo r  re f le x -1 
tauscle con traction  - on applying moving pressure stim uli to 'sp inous 
processes had a  wide v a ria tio n  among spinous p rocesses' in  d if fe re n t 
subjects*  and from s c l e n t  to  segaeat aad from side  to  side in  the 
same subject*./-'-The .threshold of. the -.fifth lumbar leve l was frequen tly  
ra ised  when 'the t ip  of the spinous process was re la tiv e ly  deep - to  the 
S-Idn* In  general , a  tmmv -threshold, was encountered a t  the Xiriiosoerci 
'le v e l. and .between th e  2nd and; 6th thoracic  opine, and a higher tbresbold. 
between. 1st. -to 4t!v Indbar spine- ■ Taking.th e ' e n tire  p ictu re  in to  ncooxmt'
Ix  xwmd a  threshold s l ig h tly  ln!t s ig n if ic a n tly  higher on the l o f t  ■
■ .side thmi'm  the -right to n o  obvious reason. He did net find  any
■ consis ten t re la tio n sh ip  between .perception of pain cud the -threshold ' 
h i  which the eleciressyogmphic a c tiv ity  vas evoked. Penslow* Eorr and. 
fro  *o (XftJ?) femid th a t by applying stim uli to the  high threshold areas 
they could cvols© 'a c tiv ity , in  the 1cm -threshold areas in  'the thoracic  
togim  of lioalthy yoong oen« .-. fhe spread of response 'occurred in  a
• cephalic d ire c tio n . \
•AMonimX sn sc le s : .
■ Floyd' and. Silver (19S0). were the ■first- to study the eleciro^ograpl^io 
a c t iv i ty  of ".the; abdominal .muscles in  normal people# In f i f te e n  f i t  aaloo 
and sin f i t  females ranging i n  age from 18 to 2d- years surface ' electrodes 
were used* the  electrodes being silver*  s i lv e r  chloride in  a  eod im  
chloride so lu tio n . I M r e o f  surface electrodes .were placed, symmetricalXy 
012; the abdominal r a i l  on each side of the  uM -line over the rec tus ■ 
abdominis* the e te rn a l oblique muscles* end the internal "oblique m selos 
riiore they ore covered only by. the externa! oblique npobeurosfsi 
th is la t te r ,  region is  a triangle bounded by the la te ra l edge of iho rec tu s '••.. ■ 
sheath^r the  inguinal ligament and the line joining the anterior superior /■ *
spine to -the /Umbilicus*
1-loyd '.and S ilv er found a variab le  degree of ’functional lu^psxseixy 
-on CGqparison of’ traces from the r ig h t and l e f t  sides though tlio c i t in g
• of electrodes \ms ca re fu lly  matched. Thoy a ttribu te  th is functional ‘fesycsaBfcQr 
. to  v a riab le  location of the 'umbilicus which was taboo. a s ’ the reference  p o in t ■ 
for s itin g  the electrodes* - fhis.&By result, in  displacement of electrodes
frc-., miatomcally and fxmefcionalXy sim ila r p a r ts . .: Movesoiiis pcriom od 
nriy not always be ^ rnnetriea l and postural 'asymmetry i s  no t uncommonly 
fr “ f  ; ' the standing p o sitio n  oven when the sub jec t i s  seemingly 
Ci/_ 1 j0 ■ straight and relaxed* .
.With th a 'su b jec ts  ly ing  in  a  supine md relaxed posture Floyd mti 
Ivor found a lig h t a c tiv ity  in- nervous sub jects ..and no a c tiv ity  in  p lac id  
- su b jec ts  -providod they were yam. ©ml e t o  ta b le , yh® -wmpitmio of tt;a 
re s tin g  discharge could a lso  bb;reduced hy proper 'positioning  of tbo - 
f la p  of tbo. couch to  i*, c the posture- 'sabre cosf o rteb le  'for th e 'su b jec t#  
J e e r in g  ike bead support • caused-an-, of e le e tr ic o l  a c t iv i ty  •
■ In  lacad ra is in g  eserc iees .the-.rectus abdominis .was. throm  in to  ..' 
vigorous ac tiv ity , whereas. the''obliques shewed only -sligh t .a c tiv ity . - •' 
Increased e f f o r t 'i n  ih ig .-csercise  resu lted  in  ■ only moderate ■ increase  m  
a c tiv ity  of the oblique masclee. .Similar observations have a lso  boon ■ I'" 
mrnjQ 'by C m m oll/(iDSS) and Oao (1058)•;’.' Xa stra in ing*  however* the  
rectus. a b c te ia is  i s  .-.-involved to ' a  much, le sse r  degree m t  the obliques 
.c jd iiM t'in ten se 'ac tiv ity *  XtaiBml • s tra in in g  e f fo r t  does increase the 
elocir^ayograpbie. a c t iv i ty  ;.oa the r e c t i  abdominis t u t  - th is  in s t i l l  
f a r  lo ss  than th a t' in . the obliques*
Floyd and S ilver found .’th a t  the abdominal traceles in  the .supine 
p o sitio n  showed mo. increased a c t iv i ty  during aspiration* However * itx '.' 
forced e to r a i io a  when the lunge.wore evacuated as' f a r  as"possible  the 
p a tte rn  of the -crus'cular-activity, was sim ila r to  th a t  obtained fo r 
stra in ing*  bu t'w ith  mmzmm e f fo r t  .th ere  was -a it cadency fo r f  lem on to  
-activate the . rec tus Kiuscles* I f  flesion- was avoided the re c t i  rosalaed 
.eilont*  during coughing -ibey found. that tbe. obliques "were - ac tive  t&eroao 
■the r e c t i  abd&r&nis wore re la tiv e ly  inactive* A s im ila r papbom v m . 
found while singing* ■ B ila te ra l le g  ra is in g ' involves a l l  the standee 
studied whereas .u n ila te ra l ' leg  ra is in g  i s :.accompanied mainly by the  
action-o f the ip s ! la te ra l  smiselcsv '•
..In the - re la ted  • standing - p o s itio n  .Floydand S ilver found a l l  the . 
liiiieeles to .be  qu ie t except the internal'-,obliques whose.resting^ teue  -is 
.u&eli Jiiglies* than  any. other ymboI o of the abdomen# ' Flcyd and. S ilver..
EUgrnsied ilia i those m se le s  are continuously on. guard to p ro tec t the 
Ing i : r l  region against ru p tu re . Daring s tra in in g  the  a c tiv ity  of the - . 
ox&e&ml 'cad in te rn a l obliques was found-' to ' be p roportional’ to  the e f fo r t  * 
the re c tu s • abdeoiaiam ainiaifiiBg © ilence'in  th is 'o p e ra tio n *  a  find ing  
' oonfim ed by jtafc (1958). .Q uiet breatMisg did not involve cay a c t iv i ty  
o f 'ike' cM imiml muscles bu t w ith forced expiration* with cougb&ng mid 
wit:! singing* the .pattern  was s im ila r  to. t h a t 'i n  s tra in in g , to o lv fisg  
aarlmd a c t iv i ty  of the obliques hut none, in  the rec ti*  -Floyd and fibre:* 
eiyhaoiret! im  primary iiapo ^ t c  o f  the rec tu s sh e a th ,■ and 'therefo re  
of - th e  oblique and - transverse  muscles in  m in ta ia ln g  "tire • in te g r ity  of 
the roctuss p a rt of the ahcloieiiml wall*
- W alters and -lbirtridge (105?)-.and.Partridge anti W alters (lOOO) . 
found th a t  in ' movements of the irmh-performed without res is tan ce  in  
the s i t t in g  o r stand lag 'postu re  the obliques and the r e c t i  m o d e s - 
ronaixi s ile n t#  la te ra l  flex io n  produces a c t iv i ty  in  the p o s to ro la io rd  .-: 
f ib re s  of the ex teraal •oblique (also  -shown hy Campbell9.1052)* - W hile' •' 
oi.W cion induced a c tiv ity  in  a l l  the muscles, .flexion, was incapable-' 
of a c tiv a tin g  abdominal Muscles (& fin d in g  a lso  wade hy FIcydland Bllvoi?*
V Whey aloe eonfissed Floyd and S ilv e r 's  find ing  - th a t during forced 
e v i r a t i o n  and coughing: the ebXifjue misel.es con trac t wheretut .the r e c t i  
rwu.elos regain relaxed* In forced ro ta tio n  of the trunk the in te rn a l 
«}i£ques of the i p s i l a t e r d  side were vigorously a c tiv e , the  e x io ru d  
ehlieuea of both --sides showed some ac tiv ity *  and the re c t i  isaacleo were . 
to ta l ly  inactive* They a l s o .studied the nhdoainaX.m cc le s  during ex erc ise r 
in  foe anpine position  and found th a t the whole o f th e : erfcem&X oblique 
-ar; rroeins ahdosdds muscles were s e s t  -active during .a c tiv i t ie s  they 
te rmd  as la te ra l, bond'of -the trunk , .pelvic t i l t *  s tra ig h t troak  cu rl 
m i d -  t r a n k  e n d  e x e c u t e d  v i e  r o t a t i o n *  ' .
Sfeoffield (iVSil) studied the electroi^ographic a c tiv ity  of the  
a b te d n a i • nuocl.es daring -walking and other zpovoisents by weane of f in e
aeofj2o( e lectrodes spaced 8-.cm* a p a rt in serted  IsorisoataX•' to  the Xmig 
rede - of the body in  the r ig n i a n to ro -la ts ra l ‘ sec tion  of th e  ebilauinal 
u *  * Im found th a t fa r in g  Xcv©± wic&ng'at  CM) steps per minute -the 
uppox* Bad' lower rectus*-.*m& the medial micl lateral-- ahdosinol rs&sxlos .
t?ora,: in a c tiv e . . la  -relaxed s tr id in g  with the fe e t  s ix .inches apart 
the muscles mm again In a c tiv e * ' .. S heffield  did not , find any :m uscular '. •' 
• 'ac tiv ity  d a rin g  ncmaai re sp ira tio n  but"the upper’ ro e iu ss medial and 
' l a t e r a l  abdominal muscles were s l ig h tly  active  daring czpirauiea*
a. c o • log • ra is in g  was' aeeo&paaied by marked a c t iv i ty  in  o il ' sub jec ts  . 
nil a i l  arena...in- the -supine p o sitio n  but the-upper rcc iu s  was more so* .
■ Sheffield i ?co.showed 'that in -trank raising- end lowering jd 'tli hips ■ 
tlexod a t t»v prodmoed rosimal activity in the ahdomnal Eniscles* ,
•Flint and Gtidgell. {1080) recorded eleeiro&yogmws of rec tus 
Qbdahfceis and external oblique, muscles, during various exercises.
7 l i s t  (lOOtja* b) I'omil that .the tipper end.lower sections of the rec tu s ’ 
ebtlonSms vary in 'response to . cUffercnt'movements• - Sue found t h a t :the  
r e c t i  ei’iselea are . mostly ac tiv e  during the f i r s t  h a lf o f -trunk flex ion  
f re e  -the supine p o sitio n  ;oacl th a t the :irnhk-raising  evokes g rea te r F.
■ activity than ' trams lowering* -
A llen  (104S) .c learly  showed by sjoaas of oleeirosyograpliy .th a t the . 
rec tu s obeoidni© clops s o t  ..in itia te  : flexion of. the trunk fro® the a tm*linQ 
p o sitio n . .However* i f  i a  the  stooping position  a  Hora/iflosed posture ' 
o f tho trank  i s  required th is  ;i s  obtained'" ly..'roctus activ ity*  7 a c l  10 
fetm i th a t rectizs e M to m s  i s  ac tive -u  i i n j  :ty |iei«xiei26ion t considered 
tliis  to 'b e  clue to', s tre tch in g  of theixsadelos mid thought th a t t h i s  ', 
a c t iv i ty  has a  S ta b ilis in g  a c tio n  on the' trunk . Those findings have 
been cmxiitmti "ty  o tre r  worlsers such as Floyd rad S ilv e r , 1050; Ctio*5XiFi 
-and Cartridge' and Waltors (iODO). .At no’ iitse have cry tmiiiers studied 
- the  ro le  of trmQyor&m abdominis. : f i e  ro le  'of the abdominal m sc le s  :
eh (level oping iatra«*ab«3om5.nal p ressu re  Has- ham  emphasised b y  M orris, 112000 
0*10- IjmQlor (iOOi) one! Beam (iOGia)'* - The opinions o f these  two Morltovo 
okout the  ro le  of th is  pressure i s  d iv e rg e n t♦ hhilo Iterria c i  a l  foelicvo 
th a t  th is -p re s s u re  s ta b i l i s e s  i l ic  spine oner takes a s ig n if ic a n t  p ro p o rtio n  
of too -s tre s s  ewqy, Beam th in k s  th a t the mode of a c tio n  of the 'o b io rm al 
i3a sc le s  i s  ■ syaerg ic  . to  those of e r e c to r ' spinae and as such i t s  e x t r a c t i o n  
cml consequent r i s e  injmontmrQ in  th e ■abdominal c a v ity  r a is e s  ilte 
GGipitnae of stress a t  the lumbosacral level*
Floyd ami S ilver (1989) have. &hmm on almost continuous 'contraction  
oi the in ternal, obliques in  the  in* ’ nal t r i a b l e  • during standing* -B&s 
tosiic. a c t iv i ty  i s  presumed to  guard against..a possible' in g u in a l;h e rn ia • 
through th e  layers of the sM oainsl wall in  .'th is region# •
■• Tim respirsbosy ro le  of ilio Qhomimml jm B tfm  lias aeon widely 
stapler hy Caaphell (195S, 1055c)? and -'Campbell and Grcon (l953a«b;
1005) * In th e ir  opinion the abdominal muscles. cro the m o o t  inportont. 
naoelcG of osqdration in  man;. the ' obliques m& ■ trtm sversna rank higher 
ilisa the rectus' abdominis, i n ■• th is 'role* They recorded strong contractions 
in  a l l  voluntary manoeuvres involving expiration. such as coughing*- 
cuaim ng cud • m aiitisg#  The oblique ntuscleo contract a t the and. of 
inc;Inatim'.tQ  control i t s  depth*"'.
The innervation of the spine was f i r s t  studied by Galen and Mg 
d isc ip les  (130 -  -  209 A!))* Galen described the anterior and p o s te rio r 
primary rami of th e-cerv ica l« thoracic and lumbar spinal nerves. The 
a n te r io r  ran i were d ea lt .with in  g re a te r 'd e ta i l  than the p o s te rio r  in  
the cervical region whereas in  the tho racic  and lumbar regions the 
p o s te rio r rami only gained a mention. - Vcsdlius : (1543)' in  Ms book 
’’Pe human! corporis fabriea" described the p o s te rio r primary rami#
-In Ms i l lu s t r a t io n s  he showed them a ris in g  from th e . sp in a l ' co rd ' and' 
then passing medially t i l l  they come c lo s e • to the spinous processes*
Frcm here they suddenly rev e rt and tahe: ..a' la tera l course (Fig* 9 ) .
The f i r s t  objective  descrip tion  of the 'innervation  6£~-aoy sp in a l 
element came from. Mhos 'and' Bedla*$ ( tB il)  and i t  concerned 'the*'' 
a n te r io r  longitudinal' ligament* ■' . They .described prevortebral sympathetic ' 
nerves, connecting 'the. r ig h t and l e f t  sympathetic trunks in  the cerv ica l 
region* Their finding was elaborated by Krause • (1843) who described 
s im ila r connections of opposite sides in  the thoracic* lumbar and sacra l 
regions* Lobatein (1823) reported that'a.very slender filam ent from 
the f i r s t  thoracic ganglion perforates the anterior .longitudinal ligament 
and eaters the vertebral body* -Cruvoilfeier .(1842) confirmed LobsteiiiM 
findings and added that i t  was true fo r  allM lie ganglia of th e  sympathetic 
chain*
' Burkin jo (1845) found that' rich  bundles of thin nerve f ib re s  
l i e  on the vertebral bodies. These be discovered were supplying the 
■epidural plexus of venous sinuses.' He considered ■ these nerves as ’ 
branches 'of the 'sympathetic nervous system 'communicating with the 
sympathetic trunk through the - ihtervortcbral io ran inae. However* lie 
a lso  attributed sensory arid re fle x  functions to  these f ib re s  end 
commented ■ th a t th e ir  complex nature and distribution may be revealed  •
only by fu rth er s tu d ie s .
iiueehka (1850) published a monograph on the nerves of the  .
"vertebral canal# He demonstrated a nerve a ris in g  ju s t  d is ta l  to  
. th e  sp inal ganglion which was joined by a sym pathetic. ramus 
-.comsjtmicans# f id s  mixed nerve passed m edially through-, each in te r - '
■ v e rteb ra l foramen in to  the spinal canal whore i t  ramified supplying 
th e  • vertebrae 9 venous sinuses and the ce llu la r.; tissu e  in  'which th e ' 
s in u se s .are embedded* He named,i t  the” sinu^veriebral nerve*
Soso of tb s 'f in e r  branches of the s iau -v erteb ra l nerve ended; a t  the 
base of the neural a rchesf and he thought th a t  th e s e •f ib re s  en tered  ■ 
the bones# Luscbka a lso  recorded topographical varia tions of th is  
nerve but did not mention-the branches i t  gives to t  th e  p o s te rio r  
•longitudinal ligament (Fig# §)#
The innervation of the p o ste rio r longitudinal ligament was . 
f i r s t  described in  some d e ta il  by BMingor (1863) • , He •published a  
monograph on the sympathetic supply of the v e rteb ra l canal $ spinal' 
cord and brain# He considered, th a t .50 nerve f ib re s  emerge iron the 
p o ste rio r roo t of each.spinal nerve and supply the v e rteb ra l .canal# . 
Elidinger thought th a t  these f ib re s  are accompanied by 100 sympathetic 
nerves of which a few are noumedcLDatcd # The .spinal nerves and the
r e s t  of the  sympathetic nerve fib re s  are botli medullated .ahch nonmedullated., 
Btt&ingor painstakingly  traced the nerves to  the . tun ica  intim a of the ' 
b lo o d v esse ls  of the sp inal canal* the dura mater t .the periosteum* 
the bone ,. th e ' lig a sen ta  flav a  and with a -special emphasis the p o s te r io r  
lo n g itu d in a l' ligament 'and tko. in te rv e rteb ra l discs# He found th a t  
the  nerve f ib re s  cross transverse ly  w ith in .the  substance of the 
p o ste rio r  longitudinal ligament th roughou t.its  leng th . Tie regarded 
them as commissural fibres- jo in ing  the ganglia o f• the sympathetic 
trunks of both sides on the p oste rio r aspect of the v e rteb ra l bodies#
These commissural f ib re s  correspond to  the cross f ib re s  f i r s t  described
2. 3 .1.
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Fig. 9. From Ifiberg 1947.
by.Pi.bes ikid-Beclerd (1811) which joined the trunks .on the a n te r io r  
aspect of the column* 'The abundance of sympathetic fibres found, 
by B&dinger i s  in  Beeping with the observations of - Forldn O'.
xho sub ject .Wis roctudied by  Hovelacpio (1925) regarding tlio 
o rig in  and d is tr ib u tio n  o f 'th e  oim i-vertebral nerve* Rie account 
did no t contain, 'any 'specia l mention about the lumbar region bu t i t  
asy bo presumed - th a t  tliio  region was e s se n tia lly  sim ila r to  these of 
thoracic  and sacra l regions# He a lso  concluded th a t  the siu i^vcrio tval. 
nerve was made of a cerebrospinal and a sympathetic roo t o r roots* 
lie found th a t  these' roo ts imy unite before passing through th e  
in te rv o rtcb ra l fam m n  o r .they may en te r the sp in a l canal as aoporato 
u n its  be fo re ; joiiiLng'. The common stem''when well in side  the canal 
breaks up in to  f in e r  branches to  supply .the dura mates?,' the venous, 
sinuses of the verteb ra l cana l, -the v e rteb ra l bodies and Iss&aac of 
tbs vertebrae and the p o s te rio r long itu d in a l ligament* However, 
Rovolaquo did  not confirm Lusclslxals observations th a t the 
v e rteb ra l nerve d ivides in to  proximal' and d is ta l  bronchos w hich. 
anastomose with nerves of the cephalic and caudal.s e l lo u ts .
Jung and Brunselswig (1.032) investiga ted  the innervation of ike 
in tcw crtobm l disc cmd surrounding ligaments* They confime-cl many - 
findings of e a ilie r  workers including the sympathetic contribution 
to  these nerves* Besides they found th a t  the  nucleus pulposus mui 
Urn onnulus fibrosuo arc e n tire ly  devoid of any nervous element# 
However § the surrounding ligmaenis are innervated 5 the anterior 
longitud inal ligaments a t  ike • region of the in ie rv e rieb ra l disc ha® 
a rich  nerve supply, the la te ra l  'ex tensions. of th e .a n te rio r  and 
p o ste rio r  .longitudinal ligam ents*having only scanty innervation# They 
found 'tha t these f in e r . fibres always term inated. in  the deeper laysro ' 
of the ligaments end were present between' the ligaacnte and the .'disc • 
without ■ entering tlio disc itse lf*  \
l'm$e (-1040) investiga ted  the innorfration at the. annulus fib rocks 
aa# p o ste rio r long itud inal l lg sv o n i'in  speeitrnno ©bteiac-d a t  iv.rtor/jy 
Dial on la.;iidect:ry* B is'autopsy speeisaeots "of posies! o r Icag iv r final- ■ 
ligament and cumulus fibposas fraa  tasn of.'egco between 90 to  6? y  
rad one .autopsy '-specisaon fixm a  g i r l  - of 2 years wore stained by 
In d ian 's  ac tiv a ted  - strong pro tein . oilvotwreducedvoilvor method* vco ;
inns' were removed a t. lam uoctory  aiM .eiuilou by Garvoa’a g o ld ' 
Chloride. 'uotho#* - .Ho a lee  disscetod - th e re c u rre n t  spinal uo rve .o fttho  . 
fou rth  aad fifth 'lu m b ar lev e ls  in  a cadaver*- Iloofe found oouy - 
Uavyelinaiod• servo f ib re s  in : the annular - -tissue* •■ 'flsoe-e nerve lib roo  ■ 
i-orcdnaied in  naked nerve eadingo* f ills ' innervation  was ro a tr ic to d  -to 
the su p e rf ic ia l 'la y e rs  of th e  assmlvs* A email number of f in e ; ?::ir;rKinatOe 
f£b*'--oc.vero also.observed l a  the pssvc _©r.lonyiiitfinal i;V r  cun * , oy 
xmra £&and to' be invariably- located isear the annul us iikrocus* 'Them ' 
iibres biiQmij. nnlsed-nervo endings in  a d d itio n -tc  g loaerubx  HI:e 
iD ivinations* Iloofe found th a t the  f ib re s  innervating t lx  cron uvtwokv 
th e  .fourth and the f i f th  lumbar lev e lc  arose frm 'th e  th ird  cue tlio 
fourth  lu sh e r ' nerves # (Fig* 9)#:
,. Kareritmft - (lt>S8) found in  a 'f iv e  anti a. h a lf  month old feetnc- 
large  norvc bundles beneath th e -p o s te rio r longitudinal, Il&ar.oai• ca.] 
e loo w ith in  ike 'avnulua fiwrosus* Ho a lso  reeorsed the presence cf 
nerve f ib re s  beneath the  an te rio r lo n g itu d in a l ligament* ■' these nesvoa ■ 
f ib re s  give Girt f in e  branches which accompany • the vessels. going in to  
ihe disc*-
■ viberg (1,049) perform 'd anatonical-'and.M siologiccl invoationtionn . 
of t i e : innervation of these ;, spinal s tru c tu re s  # ■ Id cm.. uadisc I orott i&iudbor 
of d issec tions of cadavers a f te r  ro:,ovisg the p o ste rio r eE sie io l parip  
14 periplsaral • n e iv e . roo ts -and spinal g seg iia  were '.exposed* I;c fciuiP • „ 
t. ml mostly a 'nerve h a lf to . one a i l l t e t r o  th i cl: arose clictal to  d lv  
jO g lio u  £nu entered the ''sp inal canal tijrough the  in te rv o rio b ra l iorcnan
mm raslfi& T I. 1 la te ly  in to  end br&ueboc nMelr ras towards ,ilm .base 
>2 tbo spinous pi‘oemB££$ m3 t!ie l£j m tn a  fUmsa*. ' lie also, tom'" tistb 
;:i s  sons eases a limi&'V nerve•arose d i s ta l  io; 't!ie ipn^lioa tM e r v/ao-- ■ 
joined by ;.a cn  ^ i ’ o t ic  - branch* th is  ..Kdsed aorve a lso  passed tbraugu 
d 'c iiitexnrerfcebral f^m aea in  tho v e rteb ra l cm al where i t  mon divided* 
in to . finer.b reaches to  the  ligamentous t is s u e s .adjacent to  iteo .'
Eo acH.ovoa' tlm t the hvrnchin* a t  .the-.nerve f ib re s  wttM n tna md-ial 
caa&l is -su b je c t to  .foiv&dable v a ria tio n  oad -tltoy itidulf^e- *
i a  oaaatoaosis* la  u b io log ical '.study of: the  iracrva&ion a* . '
iatorvei/idbtttl d isc  the specimens 'eo&siiinteil .adults; am £vZl**l?~\z : 
foetuses* •' He ■pcrforacd frozen a ie ro ic q f e a ; s ix  formation f i r e s  b :;oa  
■ m d 'e ta iaed  : tl!G .soetioas bf Gross^Selialtfifs iratliotle -In'two of too 
'd a s  he* iloisoaotmtecl nervo fibres*  Tboco nerves arere present in  the 
e a te r  p a rt of .tlio lipanient; the -asmalus fibrosuo m d nucleus prlpDnus • . 
feeing ecopleisly  f r e e 'o f  such' structures*  - -lie aloe* sectioned si:: 
v a rtabm l bodies .covered v r i b b . a n d  sta ined  by B t l 'r  :*g seifepu. 
mrc did not find oay norvous s tru c tu res  in  tlio .vertgbi&l feorieo*
■Hirsch raid ScbajewicK (1850)-found f a i r ly  largo bundles ofaaorvo; ■ 
/ ib .o o 'o a  tlio .'surface o f  the an te rio r  eiii p o s te rio r ligaments:* fefeey 
traced  f in e r  b u tleo  £rm  these 'b igger oaes aod 'found th a t tuoy o i te r  
n o  c a te r  p a rt of the lig&siJtjis. .
PC&erseu* Dlnnek and Gardner (1050) undertook on. - m&ioaieGfe 
biciologicul aid experimental study in  order to , neiorrilae ,ifeo n n teo  
m l distribution of the lu&bosscral posterior rssal. end sissMee; te e m  
mtxoQ* Tncy dissected one new. bossi and two adult cadsvera a r t  iteteou 
« v v,;- i y  serial, sections of tv;o Xmmu foetuses •'stalled:-by Boston* o 
ivskV.d afe! couatcsJftained %  a r e if ic a t io n  of Mason*c metbed* Tkoy ; : 
e teH ed  m  {^Miiiona! tliree ooatb foeitis- e te n e d  by E e  * Pillory aran 
EDtboOft fbey ^>?md that" .tbo sim i«vertebr£l nerves aniee o i t te n  iron
i t s  sp inal serve near the  ram s cosamuaiems o rh d tli  the ra m s . Each ■ 
'nerve ■ on - entering • the vertebral canal curves upward around the base 
.• of .-the p e d ic le 1 end /proceeds toward the -mitiline of tlie p o ste rio r 
• longitudinal ligament -where i t  r a t i f ie s  to  s u p p l y  tlio ligaEsoni* • 
poriosteuai blood vesse ls  of the epidural space and the dura m tc r .  
fliey .could n o t confirm or deny whether m y  fibre entered the aanulus'
- .fibroau&9. or whether aiy crossed the d isc  above • or below to  anastomose')- 
••"with. branches)'of .-other •sina~vortebral nerves* They found th a t the' .
sinu-vortobrai nerves, had ©any ayeliaaied. f ib re s , The p o ste rio r 
■ rami provide m m o ty  f ib re s  ,) to  fascia*  11;a c a ts , porics'leum* •
. iiitcrvertebral. Joints' in -add ition  t o ..th e ir • museulo^cutsmeous supply* 
Ibiterspincms ligaments were found to  be supplied aiainly by bronchos:
'from the next-cranial le v e l, By studying serial..sections they found '
. th a t  s inu-verteb ral nerves arose M l&terally'joiiher d ire c tly  from the 
spinal'.,nerve ju s t  dista l:to ..the ganglion or arose jo in tly  w ith the ' 
ro rns coaswaieons* --'-Some of the filaments of the sina-vertebral- nerve 
ascend toward 'the d isc  above while others descend past the d isc  below*
- They found that the. branches; from each level-'anastomose with branches 
of the nerve above' and. below* fhey also noticed anastomosis eeross • 
the  said line, with • the'nerves of the opposite sides* They traced  tho-. 
nerve' fibres '- to the dura a s te r  f ad v en titia  of blood vessels * p o s te r io r
■. longitudinal ligament and to  - tho. margin of .the'ahnulus fib rosus i ts e l f*  
Same' fibres accompanied the blood vesse ls within-the. neural arches and. 
'-.vertebral--bodies • Furthermore $ they recorded- blood pressure f re sp ira tio n  
cad elceirot^yograms during, e lec tr ica l .and mechanical's tim u la tion  of. the 
doop -lumbosacral' structures*"' As' a  r e s u l t  of thoir escperimental study -.
' ..Pedersen9 Blunck and Gardner concluded, that the sinu-vertobral nerves 
Band 'p o ste rio r rami' odetain pain sensitive  fib res*  )f!i'o re sp ira to ry  -and -•
-■: blood, pressure changes'were deemed to  be nonspecific*
B tilw ell (i960) "studied' the aervo supply-of tho vertebral column
and i t s  associated s tru c tu re s  in  the monkey. Be used a combination.of 
©yells.and. in tr a -v i ta l  methylene blue sta ins*  He performed ha. cro uO- 
on the ve rteb ra l .^column of four monkeys and stained them td ib  Sudan 
Black B a f te r  W&iams's (1946) method* • Seven others were perfused 
intravenously with methylene blue, under ''nembutal anaesthesia by the" 
nebbed" of Feindel* Sincla ir  cad Weddel' (1947)*" A fter perfusing fo r  '•
■ 3 hours lie quickly removed the;-spine and dissected'- out the a n te r io r  
; and p o ste rio r long itud inal and .inierspiaous.‘ligaments» a r t ic u la r  capsules, 
annulus fibrosus* periosteum’ and ligaments flava* ,
' - • S iilw ell "found th a t in  .-the lumbar- sad thoracic'. regions- the anterior :
longitudinal 'ligament is  supplied; by -direct brandies' o f ' the '^ apa thetic  
ganglia .which' enter i t s  ' la tera l aspect both cranial aiid cmidal to  the 
inierveriebral disc* The -ligeoeni has a - plexus -of nerve fibres throughout 
i t s  ct&s.taace.*'though 'situated 'mostly hear - i t s  -deep surface * Hervcs - 
-.- which 'enter the la te ra l border o f ; the ligament adjacent'to the--in ter-.'
; verteba^l d is c 'im e d ia te ly ; break u p 'in to  f ib re s  ..which jkiss c ra a io l ly ,  ' 
caadally' and medially# ' -Eke medial branches overlap those of ih eo p :-' *•
' • opposite' side hy a t  le a s t, h a lf  the width of the ligament. Eoagiiudinal •
- branches overlap others en tering  from.'the c ra n ia l and caudal d irections*
.- f  hue a l l  "regions in'..the .anterior lo n g itu d in a l' l i  gasesiio' were found .by
S tilw o ll to  he 'supplied by' axons derived',frota'-the same lev e l and from
segments' 'immediately adjacent*
' S tilw e ll (1956)' confirmed tho findings' of Lusclzka* Jung and. 
Bransckwig, Hoofe and Wiborg th a t the sinu-verteb'ral' norv© -supplying m 
-the'posterior longitudinal'.ligament i s  of a dual nature containing 
fib res of somatic and v isce ra l sources. Ke,-found' i t '.to he a  ru le  th a t  
two recurrent nerves invariab ly  entered each foremen; 'one'from the  '. 
para vertebral autonomic plexus-'and.:another. arising from a spinal; 
gang lion ,'sp ina l nerve, or from e ith e r  ven tra l or - dorsal sp ina l, ro o ts , '
' or even from, a combination 'of- two of those sources# Wien those 'nerves .
roach ' the ' la te r a l  p a rt o f th e  p oste rio r long itud inal ligaments th e i r ,  
.branches d e fle c t in  c ran ia l and caudal d irec tio n s and overlap with the 
■adjacent ve rteb ra l nerves*' ..The d is tr ib u t io n .of f ib re s  within, the  
ligam ent9 -the f ib re  size*-'and .the typos of th e ir  term inations arc 
s im ila r to- those in  the a n te rio r  longitudinal ligament* The f ib re s  
■tend to  folloit- the' blood vesse ls to bone; some beaded o-utoaoiaac asons arc 
.found in  and' around vesse ls  • ' Souse /small unmyelinated presumably sensoxy 
-fib re s  rmaify andsupply  th e  surface of th e  ligam ent 'facing the  verteb ra l 
canal* He • found •that* th e se . f ib re s  end w ith minute term inal enlargem ents' 
c i th e r  •so lita ry  o r in  groeps* ■ . : ’
. ' S t i lv e l l  'found th a t  • the iaterspinous: end f lav a l ligrvcuwQ a r c  
supplied ex te rnally  by f ib re s  "derived from nerves. to \ overlying muscles.' 
and -their deeper pasts were' innervated by branches of the autonomic 
. plexus "lying a ro a i th e 'o r ig in s  of the sp inal nerve rami* The v en tra l 
. h a lf  .of the dura' mater .is normally innervated by a m a l l  branch of the 
recu rren t nerve''which e a te rs  i t  j u s t  inside  the ia te rv e r tc b ra l foramen*
■ S tilw e ll fu rth e r  found ' tha t' the nerves to the iatervertebr& l 
d iscs were re s tr ic te d  to  a su p erfic ia l - la y e r ...of loose connective t is su e  
a t  i t s .  su rface»• Continuous with the  fib rous p a r t ' of the periosteum' ' 
of the  v e rteb ra l bodies*" •' I t  con ta in s.vasomotor nerves ' in  add ition  
to" a'few  immyclinaied, "beaded f ib re s  ..with .free  endings* He 'believed 
th a t  these ..endings' a rc-pain  receptors*- ••■Those nerve f ib re s  .ore brandies .• 
of the paravertebral autonomic plexus, from the recu rren t nerves.. to  -the 
'dura  mater'.and the -p o ste rio r longitud inal’ ligament or even nerves, to  
the a n te rio r  lo n g itu d in a l'; ligament* .110:.did no t f in d ' any nerves'within  
tlio-layers • of the  .cumulus fibrosus- i t s e l f  9 with the exception of sono 
' f ib re s ' whose term inations occur in. the .poste rio r • longitud inal ligament* 
Such fib res  are confinedl t o ■ the ex ternal .laminae' only ana arc  bronchos 
o f ' the' recurren t nerve fhe periosteum and, .the boae of the  v e r te b ra l  •
• body i s  innerva ted : by numerous small branches, of nearby' nerves both
from tlio . autonomic rami end the paravertebral• plexus• They a lso  
receive broaches from .the dural nerves and nerves of the long itud inal 
ligaments* The neural arches receive th e i r  nerve supply from the  
nerves to  - tho muscles lying above them*. Tho periosteum obtains ncrvo 
fib re s  from the vascular-plexus with a  few - mednllated um:y olinated. . 
axons ending free ly  with rare moderate sized fibres possessing 
:small complicated' encapsulated terminations*
Mulligan (1957)' investigated  th e : innervation of ..tho ligaments ..- 
attached to  the v e rteb ra l bod ies.' lie fixed  the thoracic  ve rteb ra l 
m aterial. of the dog 'in . s i tu  by perfusion with .20$ formal saline*
Portions of the a n te rio r  and posterior long itud inal ligaments along 
with some annular m ateria l were sectioned: in  a plane p a ra lle l  to  
the free  surface of .the--ligament and sta ined  by ‘-the.(I-ros-Schultze 
- technique. He found th a t  the verteb ra l nervous plexus is"well 
.developed at' the annular surface ■cntero-laterally* and extends bore 
between tho su p e rfic ia l layers of the annulus fihrosus immediately 
'la te ra l  to  the  a n te rio r  longitudinal ligament. He found, th a t  the 
n'orve met at the surface of th e ' annulus fibrosus not only a r is e s  f re a  
the fine  fib res  of the  secondary plexus but I s '.a lso  connected..with, 
ih icb  nyelinated f ib re s .. He also  found some evidence to su-gesi 
■that these nerves ere of double origin#•
•Hirseb» • Xaglooarh and H ille r  (19G3) studied the presence of 
sensory'nerve catlings in  liganentous® jo in t capsular and in ie rv o r te h ra l ' 
disc structures in  the human lumbar spine* They immersed freshly;
•.removed material in  a 9*905-per cent solution of;m edical. grade , 
methylene bine in  physiological sal-nc containing 8 ml. of 0 .8 ' 11 1131*' .";'•• 
Subsequently the t is su e s  were fixed* cleared :and mounted' for  
microscopical - study* They-alee studied fresh autopsy material. They found 
fine*, free f ib re s  and complex unencapsulated - endings in  the lim&o-dorsal 
fascia® and the supra- and interspinous: ligaments®' - The a n te r io r  am
mu p o s te rio r  long itud inal l&gosoate a ls o ' possess c ird ic r  s tru c tu re s  ' 
tbougb iba .'posterio r IcmgituMsml liuenent has- dovo thnn tl:o aaioviar 
erne* Free fibre-nervo endinm viero eacoxmiorcd hy tliem only on the 
su p e rf ic ia l layers -:-of the  snmilus iihtOBiw 'd ire c t ly  beneath toe poster 
. long itud inal 1* eat# Tm- hooper layer© e£ the mem! so fibrosao cum., 
nucleus palposus .were ^ devoid o^i£ any . such structures*  F irseb  a t  &1 
found th a t the is te rv Q rte b ra i jo in t  cc^m fUis are  by tao
f a l l  t r ia d  of- nerve .endings* fine  free  sabres* ccsaplos iiaeiicapsulctod ■
• m i  small oacapsulntod endings* 2?he liram ania iie v a  have. f in e  fcoo 
f ib re s  on tbe ' outermost layer of th e . d o rs a l . surface * b a t never in ■ 
pm  deeper reg io n * ' Although there  " is -m  d ire c t  and conclusive 
evidence * these. authors suggested th a t the free fibre endings were - 
concerned with paia* the complex ^encapsu la ted  endings with iio sae  
position and- jo in t  -souse one! tbe cisoapsalsteel olenoats with pressura • 
rocq>tioa*
Jackson* ftiifolia&ztii'caxl-Biekol (lOGO) - siiiclioil tbe nerve e n d in g ' 
i a  tbe hiMim lumbar sp inal eeltinmcmn re la ted  structures*  Fboy 
investigated  the. m ateria ls obtained from 21 sub jects of d if fe re n t agon 
including two foetuses end two in fan te  during autopsy cad a  invthov 
M  su b je c ts . fvm  whoa m io r ia l s  were obtained during epeaaiion* Fsoy 
equeidcred a l l  previous s tu d ie s 'to  me tec h n ic a lly  inadequate because 
too e ia in s  ■ {setly lcae blue -mCf s i lv e r)  used by o ther workers- do n o t 
©tain n e u ra l ' tis su es  exclusively  * They advocated th a t ebolisiestoraso 
s ta in in g  can bo used -to deiaonoiraio tbo number* d is tr ib u tio n  m& ckopo 
o f 'the nerve ending©*- /iccbr-diagiy they asod aootyl ebo llnestem se 
propagations in  add ition  to s i lv e r  impregnation am!. gold toning#':
\YltIi those- ootkofls--they 'found three lands of nerve endings; free 
..endings*' complex iHiencapsulated endings with sG&ehiises ©speeded tana*. 
m& oneupsuXaied • .endings • fltey found many free nerve fibres cad 
nerve networks.in tlie caterior and posterior"Xo tndin&l ligamontu
Gad isi the outer layer© ©f the ;e*3*mlas .fibroses* .Sie deeper layers 
oi v  a aiiniiltis ami nuclear poipamis were, not innervated a t oil*
Tlio. cartilag inous end p la te s  in  foetuses ami in fan ts had a nervo 
.. supply c lose ly  associated with vascular sinuso ids. In ad u lts  free  
■ fin e  serve f ib re s  are located in  a ln o ri a ll-  the p a rts  they oiudiod* 
Coqples imoneapsulated nervo endings were concentrated mostly in  
•the periosteum of the lumbar v e rteb rae ' and a le s  w ithin the synovial ' 
i& toxvcrtebral fa c e t- jo in t  capsules* ; S?bey'foam! encapsulated endings 
'o f Veter* *,» nism typo' -in foetuses« in fan ts  and adults* m '-foetuses 
and' new'bom in fan ts  these  encapsulated;- endings were generally  ■ 
concentrates! around 'the fa c e t- jo in t  capsules am! a lso  on ' the vcubro- - 
'• l a t e r a l . surface of ' the am ulus fibromse* • However in  adu lts  y-coo 
' ne rve . endings were found only in  the region of the fibrous fa c e t 
capsu les. - ;
&mmw. ■ ' ■ ■ .
ThQ a n te r io r  long itud inal ligam ent. i  13 • • supplied by d ire c t  branches 
■;.£rom the sympathetic ganglia  w hich'enter i t .  la te ra lly *  .Theso branchesy 
bmali up in  the substance' of. the  ligament*. passing cran ia?ly- caiidaHjr 
m& m edially $ to  fo ru 'a  plcsuo * '-Brooches of 'the plozl of o, p o sito  ' ■ "'■ 
••sides euosto oae w ith each :oilier.*. •ilorvo f i b r e s .ore ''most numerous..in 
vhe deeper la y e rs  whore the ligament l ie s  against the' mmnlus fihrosuo* 
5Nj periosteum and bone oS the  v e rte b ra l bodies are supplied I f  11 
branches; from nearby sympathetic nerves b o th .from. the paraverteb ra l •/ 
plo:ais* The.neural a rches*•in tersp inous and f lav a l ligaments rocoiva 
ih o ir  supply from the . nerves to  the .overlying tstselc*
Tim s in u -v e rte b rs l ''nerve (the 'recu rren t meningeal 'broach of a  
.sp inal nerve) a r is e s  from th e 'spinal - nerve ju s t  d is ta l  to  V o gcngH-oei 
/••by -either one or two roo ts  'and i s  joined by a  ey&paihetic--pmt* xbeso :'-•
'• -roots • may .either jo in  together before' passing in to  the sp inal casal -'
tbroiigs th e . in te n re rte b ra l fom r;dtiao or aay en te r as separate u n its  
om l'jo ln  w ithin the  canal I ts e lf#  A fter en tering  the spinal ecacil 
the s im ^vertobm l nerves break up in to  braaehpa: the audbor of bigger 
' branches a ris in g  ami th e i r  course w ith in . the . sp inal canal lias boon 
a  m a tte r‘of controversy* ' -There docs not seen, to  fee any agreement 
amongst • various authors a s t  to  iljo s c l e n t s  'supplied by the cisn**.- 
'v e rteb ra l -nerves♦ I t  has a lso  been'- reported • th a t medial branches- 
frcra e ith e r /s id e  of the - same segment* met - the"cephalic and euicrA . 
brunches o f  the itfj&eeiii' e v isay-simsienase y/ifch each other*
- ffeo Binij^verteferal ;iiorve supplies the dura m tep s T 11 cod 
v esse ls  of tho v e rteb ra l canal * the. p o s te rio r a sp e c ts •o f ' the- •
•vertebral 'bodies mid pcriostet!®*' the loainae of the  verteb rae  aaf ■ 
th e -p o s te rio r lo n g itu d in a l. iigaiaast* ' \ ■ . :
■ Free f ib re  'soivo'; endings have been widely reported - os being 
p resen t-in  the im to rib r 'an d .p o o te rio r 'lo n g itu d in a l lif-uncuts#' 
ffeeir presence has a lso  been demonstrated in'.the. su p e rfic ia l lay e rs  ' 
e: t p o ste rio r region, of the anaulus' fib rostis* '. Coupler urseneapsulat-c
n\ juvC cad lags are reported  to  be e&aeenirated in  the periostoma. of th o . 
verteb ral'bod ies , in  . the. lu s ta r  region ami also", in  .the iaicsror&ebx&l . 
f a e o i- jo in t  capsules *'. ne^nlmi corpuscles have- a lso  been t \  :
ii QGigljfeoimiiood -of fa c e t jo in t  capsules oat! o n ' tho v e n tro la te ra l 
'surface o f  the aasulus fib rosus in  juveniles* but, in  adu lts  have boon 
rep o rte d ' only- in ' the region of the  fac c t-jo ija i capsules*
are ' iiiree w aiters of considerable significance# .
i . -  Apart from Beam (i9C>i) --and. Asmussen and- Boulsen (IDGh) a l l  
workers agree t l i a i7an increased intra-abdom inal pressure daring physical • 
a c tiv ity  plays a p o s it iv e .ro le  in  a s s is t in g  the spine in  i t s  res is tan ce  
to. various s tre s se s . A c lea r re la tio n sb ip  between’ :s t r esses  
and the intra-abdom inal pressure lias been -established# Xdfting a  w ei^ it 
in - th e  upright posture engenders tlie le a s t ,  i n  the stooping posture a  
g re a te r? and in  the prone position  the g rea tes t, r ise  in  inira-abG oninal 
pressure (Davis, 1950)• This re la tio n sh ip  between.abdominal pressure : - 
and in c lin a tio n  of the trunk has a lso  been described by • Barbolin!: (1057)# 
Porthor, th e •in tra-abdom inal-pressure i s  dependent on the speed of the 
l i f t  (B artolink, 1957$' Bavis, 1959a)# The r is e  in  intra-abdom inal
pressure ■ during physical a c tiv ity  shows a s ig n if ic a n t .lin ear •rp lationship  
with the nognitiide of 'sp inal s tre sse s  (r,: » 0*78), and the intratrmical 
pressure has been regarded as on in d ire c t • index fo r comparative ; 
measurement of such s tre sse s  during physical ac tiv ity #
Production of .a ra ised  in tra-abdom inal. presure requires t h e - -, 
coordinated contraction  of several groups of muscles j • including th e  
diaphragm, the muscles of the an te rio r and la te r a l  abdominal w a lls , and 
those of the perineum# Ho studies of the necessary"neural • pathway 
have been carried  o u t, and without the 'existence of a  neural con tro l . 
mechanism the pressure.; hypothesis cannot be fu lly  accepted. ;■ Such a 
mechanism-will presumably have•a - form•of r e f le x  contro l which has 
indeed boon suggested by B artel ink , 1957 and M orris, -Lucas - and B reslo r 
(1961). Since i t  appears probable th a t the  - pressure- r is e  acts, to  
re liev e  the spinal column oie compressive s tre s s  the sim plest r e f l e r  
con tro l could be thought' of as having an input from pressure se n s itiv e  
endings in  the spinal column# Tims the existence of any pressure
recep tors in .th e  in ie rv e rieb ra l d isc  or the v e rteb ra l bodies widen f i ro  
on being stim ulated by raised  compressive s tre sse s  would ind ica te  the 
p o s s ib il i ty  of the presence of such-A re f le x  a rc : the absence of such 
reeeptox’s v/oxild e n tire ly  deny the p o ss ib il i tie s#  Consequently 
h is to lo g ic a l and ..physiological investiga tions of the Xudhar v e rteb ra l 
bodies' and in te rv e rteb ra l d iscs were undertaken in  cats and ra ts  to  
study th is  aspect of the  problem#
-'2. IsM'lc the'- ro le  played by changes in  intra-abdominal pressure in  
trunk mechanics during physical’• a c tiv ity  seems well established., Chore 
has -been no f u l l • attem pt ■ to  co rre la te  the a c tiv ity  of the e rec to res 
spinae with th a t  o f.'the abdominal muscles• M orris ,' Lucas end/Broshe?... 
(1061) have made;some observations,, but those wore inc iden ta l to- o ther 
in v es tig a tio n s , and no -proper coi’re la tio n  was achieved* k liile  
■electro:ayography.; o f the deeper'muscles of the alxiominal wall i s  no t :- 
fea s ib le  i n • active  s itu a tio n s , 'information concerning the ex te rn a l . 
oblique muscles can be obtained with re la tiv e  ease. Thus simultaneous - 
electromyography of the erectores spinae and ex ternal • oblique muscles 
together v/itb recordings of the  intra-abdom inal pressures curing  - 
physical a c tiv ity  arc  heeded before, one can-.describe the re la tio n sh ip  
between these various fac to rs td.th any accuracy* In order th a t  ike 
of foots o f , postural, change can a ls o ' be • s tu d ied , simultaneous c in e - 
photographic stud ies area a lso  required#
3* Bonos appear capable of enduring f a r  g rea te r pressures during . 
l i f e  than they can afte r death. I t 'has been.shown■th a t the bone marrow 
pressure i s  related t o ' the blood-flow of the marrow sad .during .muscular 
contraction  the flow to the warrow i s  so altered- m  to  .ra ise  the iabra- 
medullary pressure (McPherson and Juhasz, 1985)# /Occlusion of the 
venous -blood-flow invaribaly/raised the ' intraosseous pressure and 
occlusion of the: arteria l, flow reduces i t#  ■ Ihxrtlier, the si t in c tu re  
of the vascular channels of the bones are such that during compression
of s h o r t .d u ra tio n ,..when; there i s  a tendency for . the - marrow - c o n ten ts . 
to  . escape , they hold the f lu id  marrow, in  a s  i f  in  a .water t ig h t  ;.. 
compartment* From these considerations (Frost(19C4) and ncFkcrsoa and 
Julias z (1905) have1 suggested th a t a  hydraulic mechanism e x is ts  to  
strengthen bones under load.* Further ..'morphological fea tu res such as 
■ the possib le  presence: .of sphincters - i n  the sinusoids of. the bone- 
narrow (Foa, 1943) or physiological contro l of the blood-floi? through 
tne marrow capxllary bed (hxiiosxtu q t a l , IQSGu) mail© x t a l ik e ly  
mechanism*. 'Tae'. only investiga tion  of the hydraulic strengthening 
of the bones ..is from Swanson and Freeman (i960). They have used a 
d ried  and defa tted  bone fox'* th e  study and have concluded t h a t 4 /
. such a mechanism does not e x is t ,  but the use ox- dead.-material fo r  
such -studies -.is c le a r ly  fa llac io u s . . For technical, reasons," d ire c t  
s tu d ies .o f bone marrow pressures in  the v erteb ra l bodies i s  c v ir tu a lly  
'impossible with presently, availab le  techniques, so- .that s tu d ie s . of t!.d 
p o s s ib i l i ty  v/ere' confined to  ..the -femur, using anaesthetised ra ts*
m m m w  and feihoib 
. sm Ttm  i  ■ ' iiBwciJs ocmmm, of mm intha-abboi/xhab fkesstjbe
■ /  . HISTOLOGY
/i s ig n if ic a n t  re la tio n s h ip  ( r  ~ 0*78 p <  e0001) 
e x is ts  between--spinal -compressive' s t r e s s  and intra-abdominal 
p ressure (Davis« Troup end Whitney, 1967)* and th i s  suggests 
the ex istence  of a re f le x  mechanism in  which p ressu re  
.recep tors s i tu a te d  -in the  sp in a l region f i r e  on being 
subjected  to  compression* Such a stim ulus could r e s u l t  in  
c o n tra c tio n  of the m uscles. .o f . the abdomen*';• d iaphragm, and 
perineum* • In . o rder to- lo c a te  the ■ presence o r 'o th e rw ise  . ,
■of such' p ressu re  -receptors."in the- lumbar in te rv e r te b ra l  - /..• 
'discs./and -'vertebral bodies* h is to lo g ic a l, studies,, of th e s e ,■ 
parte  were undertaken in  c a ts  and; r a t s  and human m aterial*  
Since th is  study of sp in a l innerm atIon involved the 
'd i f f i c u l t  task  o f  looking f o r  nerves and n e rv e ;endings in  ' 
a mass o f/co llagenous tissu e*  sev e ra l d ia g n o s t ic / . " .
.'neurohistologic.al techniques were used* as w ell os more 
conventional methods* flie techniques are enumerated belows
I* I n t r a  v i t a l  and In  v i t ro  metliylene b lue
2* Two m odifications of a c e ty lc h o lin e s te ra se
■'3* S ilv e r  im pregnation ://'/-.-■
(a ) . . /.Gros-Bielsehowsky. : '.■.■'"■/•'■
■ (b ) Glees and/tfaralancly 
( c ) ' Homanes - \
Hanson
4* Osmium. te t ro x ir  
’ (k>tfl chlori&o 
6* .H&emtoxylin and a o s is  
.?*: W elgert; and van Cliesoa®
X ntr& vitel .(v/inteXmsna© 19B0)t Eats were ..an aes th e tised  W
'in je c tin g  nembutal..‘4$ -mg©; p e r  Eg® o f  the-.body w eight . •. 
in traperitoaealX y* • :She: J u g u la r . vein  was exposed and. e simulated® 
.One p e r 'c e n t  methylene bXu©: so lu tio n  in  norm al..s a l in e  f i l t e r e d  
through g la s s  wool'and warmed to  30% was slow ly perfused  
e i th e r  by g ra v ity  feed  .from a. height, of 30 cen tim eters  o r  
by means -o f /a ;p e r i s ta l t i c  -pimp® file animals n ea rly  always - 
cl led  -within', the - f i r s t  few minute© o f perfu sion  bu t twenty 
m inutes were allowed to  e lap se  from th e  beginning o f the  .
:perfusion  b e fo re ..removal,.of 'the  v e r te b ra l  voXumn f o r  observa tion  
and o f ; the b ra c h ia l  plexus m~ co n tro ls  . la  some -eases the  . 
lumbar;.in te rv e r te b ra l  d isc s  were removed iimnsfiiately and"!a 
o th e rs  t h e ,e n tire ' oolumn'was- f ix ed  overn igh t in  s a tu ra te d  '., 
ammonium moXyMate so lu tio n  :a t 4%© ' A ll'•m ateria ls  were 
subsequently  washed, t h r e e . t i m e  in  d i s t i l l e d  w ater befo re  ■ 
f ix in g  in  ten  |3or cen t n e u tra l  fo rm alin  f o r  "24 to  48 hours© 
fro sen  sec tio n s  were then cu t a t -2-Op oM 4C|t®
Humber o f  animals'& vfght. b ra c h ia l p lex i • and fo r ty  
in te rv e r te b ra l  d isc s ' p  and ! ^ /% )
o f %e ig h t r a te  a long .w ith  t h e i r  v erteb ra l- end p la te s  were 
sta ined ' by .the. above "method®
In  v itro . Methylene, b lu e ® - ■ Since some-of the specimens 
"obtained by the i n t r e v i t a l  method showed-poor d if fu s io n  of 
the dyef in  v i t r o  s ta in in g  was undertaken o f f re s h  m aterial*
To a s s i s t  , penetration*  hyaluronidase= was’ added®'' Chain and 
Buthie (1940) - repo rted ;; the  spreading a c t iv i ty  e f -hyaluronidase 
Bofeb-Smith (1945). dem onstrated th a t  t e s t i c u l a r  .hyaluroni&ase 
had ' n o ,h is to lo g ic a lly  dem onstrable’e f f e c t s * fu rth e r*
McGregor (1953) sp e c ia lly  recommends the use of hyaluronidase . 
w ith  methylene blue in  sta in in g  nerve fibres©  9he ■ value o f -. 
the spreading  fa c to r :o f th i s  reagen t hae a lso  been emphasised 
by We&del and. f a i l l e  (1954). f o r  the.demonstration o f n eu ra l ' 
tissu es*  Hyaluronidase and methylene b lue have be@n.coupled 
■by- Qaha and S h e lle y "(1955) in ..th e ir-sta in in g  o f nervous tis su e s*  
th e re fo re  the t is s u e s  were ex c ise d . and incubated . on lf&. 
methylene blue made in  normal saline. ‘(25 ml) and hyaluron idase " 
(1*500 m aintained a t : .37°C.-with continuous inflow  of.-’v
oxygen. a t  a s lo w ' ra te  s e r i a l ly  f o r  variou  s le n g th s . o f tiroe *. : 
f he Incubation . period* ranged - from 30 minutes to  120 • minutes 
at' 10' minute in te rv a ls*  tissu es' were -fixed .-and .sectioned, as 
mentioned' in  the in t r e v i t a l  technique* 'E sse s  and Hesende (1943) 
found that'when using methylene :blue-for. section s o f tissu e*  
in  v i t r o  incubation  produces r e s u l t s  su p e rio r  to  those o f v i t a l  
perfusion* ' '
Humber of animals s . Seven b ra c h ia l p le x i and t h i r t y  f iv e  /  
lumbar in te rv e r te b ra l  d isc s  along w ith . v e r te b ra l  end -. p la te s  ■ 
of seven r a ts  were s tud ied -by  th is  method*
2 /iCSmCHOMBISSSBRASEs
fao variation s of the .-acetylcholinesterase technique" 
o r ig in a lly ; fieve.lopeS by Soiaori.' (19.48) >ere-.employed, $he 
f i r s t  was th a t-o f Koelle (1950) Eofiified by Oouteanx oofi 
Coewj (1954) era the.- other was a fte r  bewis ana Schute £1964)? 
f te  laboratory sehefltiles fo r  both o f  these appear-in Appendix 2.
A A cety lch o lin este rase  (K oelle , 1951) tsofiifiefi by
Ooutoaur end 0ocrs,(1954)* .
: ' specim ens'ob tained ' from Bnaeetliotieecl ra ts '/and  e a t
w erep ieced ' d i r e c t ly  10 - per cen t form ol s e l ln e  f o r - s ix  • 
to u rs  if or' 'fixation*'"' - ftromn se c tio n s  were cu t a t  40h th ie ta e s s  
l a  & csyoB tat and ' washed f o r  h a l f  m  to u r  . la  d i s t i l l e d  w ater, 
.before Inc ab a tin g  the© a t  37°0 in  the medium con ta in ing  the ' 
substra te*
' she- period  of-, .incubation, was varied  f^omvh a l f  an hour- to
overn ight .la  o rd e r to  g e t the optimum' re su lts* . -.After 
incubation  the. sec tio n s ' were washed ■ in  d i s t i l l e d  w ate r and 
p lace in  a 5 per. cen t so lu tio n  o f • ammonium' ■ su lphide f o r  two 
to  th re e  minutee* /'-Sttbsetpaeutly. the sec tions, were washed in- 
d i s t i l l e d  w ater .end put in- 70 /per cen t .alcohol from where the 
sec tio n s  were adhered on elbutntnisod s lid e s* ..; :^he s e c tio n s  . 
were allowed - to. d ry  -in. a i r .a n t  .dehydrated/ in  95 p er c e n t -and . 
abso lu te  alcohol* c learbd  in . t t f lo l  and mounted in  IV?#?* •
(Schedule . i n :.Apienai% .
Huisber of anim alsr  r ' fh ree  b ra c h ia l ' p ic  i * ' two; sacro sp ina ll©
- Basel© and .f if te e n 'lu m b a r in te rv o r te b ra l  d isc s  from th re e  ' 
ra ts.'and  .-ons b ra c h ia l -plexus® m e  m e ro s p la a l is  .muscle and 
th re e  lumbar in te rv e r te b ra l  d i s c s h ^/h ^  an&.Iig/s^)
o f  a  ca t-w ere  s tu d ie d  W  t h i s  tecto ioue*
ilc e tjlc lio liacB ta rase  a f t e r  Ise^is and Bchutc (1964)
■ P erfusion  - flu id , eoasi^ ifig  o f 2 p er cen t g lu tera ld eh y d e , , 
two mtlXXinolar calcium  a c e ta te . and • 90 m X iim olar ceccdy la te  ■ 
.b u ffe r ad ju sted  to  pH. 7*01  Appendix 1 A il)  a t  4°0 wos ■ p a rf  t.ised 
la  ra te  and a a te . tlarough. the ju g u la r  veins. a f t e r  c re a tin g  
..h^potheraic cond itions «;• . A fte r a w ait . of • f i f t e e n  to  twenty 
minutes the  .b rachial..’ploxi* © eeroapiaails .muscles -and .
'f  n te fv e r t  s te a l ' d iscs, o f th e  . lumbar., reg ion  . were, ra p id ly  • 
d issec ted , o u t and placed ■ i s  p e r fu s io n ' f lu id  'f o r  8 to  10. 
bourn \ab 4°C.»; -Tho; t i s s u e s  were tben  gashed  .!»•. caoodylate 
b u ffe r  made Iso to n ic  w it h sodium e u l p b a t e * , ' w o r e  . 
eabsecpe&tXir • incubated f o r  two. to  th re e  hours a t  4% in  a 
medium containing ' .8 la illim o la r  aoety3 th lo e ta lin e *  • 12 B illim o la r  
copper su lpha te  ' and'' 16 ■ tailX im elar g lycine  .and .• 50•.BillissoXar • ; 
a e e ta te :b u ffe r ,.a t  rll 5*0 (Appendix 1 Ail)®. '-A fter \?eshing th e  
t is s u e s  were tre a te d  .w ith an Is o to n ic  so lu tio n  o f sodium su lph ide 
buffered  to  a pH..of -5*0 w ith  a c e tic  ac id  for: an hour and • 
washed: again* Hie ‘t i s s u e s  were ' th e n . fixed- in  ; D alton9 a . f ix a t iv e  
{Append lie 1)' cnC routine micro tougr perfosanod*. ■.
If umber ■ of. anim alst •: 1 H ires ■ brachial, p le r i*  one,' sa cr o sp in a lis ' 
and f i f t e e n  lumber, iateryerfcebm l d isc  from three rats: and-, 
one braohiaE 'plexus*. -on© saerosp tn alis muscle and fiv e ' lumbar - '■.■ 
In tervertebral d isc s  o f a e a t  were studied'.by : th is  y. technique*. '
3 SXIATO A^I OH s A ltogether fo u r  - v a r ia n ts  o f th e  •,
.s i lv e r ; impregnation- method have b e e n ; employed : in  the p re se n t 
■study * nam ely. (Iros^Bielschowshy ( 1 9 2 8 )9 dlee's ,.(1946) m odified
by llarsland {1952) 9 Bomaae’s  (1950), and Baneon (1 9 1 8 )©
'-IFiBlf JO ly - She f i x a t iv e s . em ployed'for .dros-Bielscliowsky. ,. 
and Q-lee’e and; fla rs lan d # s methods have ■.been 10' p a r 'c e n t  
. fo rm alin  o r 10 .p a r  c o a t ; fo rm o ls a lin e ;  f o r  m a te ria ls  of t o u t  ■ 
ra ts*  \Xn;Banson9‘s-method'' only- fo rm alin  lias been used* ' .
Since f re sh  t is s u e s  .cannot bo ' d i r e c t ly  s ta in ed  by th i s  metho&./:. 
bo the presence o f an aldehyde., in  the f ix in g  medium becomes.' 
a b a s ic ' requirem ent f o r  these  s i lv e r  methods f o r  aroplasm©
. Depending on the  • s tm  o f the b lock o f tissu e*  i t  was l e f t  in  
the f ix a t iv e  from 6 hours, to  a week*. For specimens from; two.;., 
r a t s  (in c lu d in g  one c e l lo id ln  embedded) to  be prepared h$ ■ 
0roB-Biel8chpwsky#s  and #Xee*e aM■ Marsland^© methods# . ■ ■ 
B lehardson*s.fixa tive  (1063). (Appendix 1 B l) was used® made 
-•by d isso lv in g  paraformaldehyde in  b o ilin g  d i s t i l l e d  w ater under 
re f lu x  and adding sodium su lp h ite  - and a. few drops o f bromo- 
thymol b lue ind icato r* , • Sucrose was added' to  the s to ck  so lu tio n  
befo re  use end s u f f ic ie n t  sodium s u lp h i te :was added to  tu rn  
the  so lu tio n  blue, b ring ing  i t s  pH to  7*5* fhe m a te ria ls : were;, 
f ixed  in  th i s  s o lu tio n  sometimes -for a week b u t g e n e ra lly  two 
weeks* .
m tt& G ifiQ P M Q m ' : •
Following a&eouafe fixa tion ,, the  v e r te b ra l bodies were 
■decalcified* P e c a lc if ic a tio n  o f a l l .  th e  m ate ria ls  except th a t  
of one r a t  .was c a rr ie d  out in  dooding and S tew art’s (1932). 
'.decalcify ing  so lu tio n  which consisted ..o f-form ic acid  and 
■formalin (Appendix 1 Bii)-*. ' A large- volume of d ec a lc ify in g ' 
so lu tio n  was.used/and: was ..renewed''every 48 hours* B e c a lc if ic a tio n
of r a ts  lumbar v e rteb rae  was completed In a week to ten  days 
but those of c a ts  took se v e ra l weeks. P e rio d ic a lly  chemical 
%es%3 were performsd to determine the end p o in t of 
h e e a lc i f ic a t io n  by adding .strong ammonia drop by drop to 
5 ml of d eca lc ify in g  f lu id  u n t i l  blue litm us turned red and 
then adding 0*5 ml sa tu ra te d  ammonium oxalate* A w hite 
p re c ip ita te  o r milky appearance of the m ixture in d ic a te s  the 
of m ineral calcium* When no such re a c tio n  occurred 
even a f te r  stand ing th e  so lu tio n  f o r  h a lf  an hour, decalc i f  ic a t io n  
was considered to be com plete. fh is  t e s t  has boon described  
by Araim {1935)# Morse (1945) and Clayden (1952).
©30 e n tire  v e r te b ra l  column o f  one ra-c was p laced in  
, a sa tu ra ted  - so lu tio n  of etiylenediam ine-tetra*-acetic«*-acid 
(S .P .^ .A *) f o r  f i f t e e n  weeks* fhe so lu tio n  was' o ccas io n a lly  
.changed* Ehe pH of the so lu tio n  was ad ju sted  to  7»0 by the 
ad d ititin  of sodium hydroxide* fh is  process Was c a r r ie d  out 
in  a w inchester b o t t le  so th a t  the volume of th e  c h e la tin g  
agent was f a r  --more” (I#©', tim es ).;than:. suggested f  Or 'u sua l, 
p ra c tic e  (20 to  30 fifties)* fhe end p o in t o f th e  d e c a lc if ic a t io n  
in  th is  method Was determined rad iographic ally*
■ B^OOISSXHCI' A ®  S B O flO IlH S y  . , ' I - V-‘ ; ■ ■
fhe d e c a lc if ie d  t is s u e s  were e i th e r  washed in  d i s t i l l e d  
w ater f o r  p reparing  fro zen  sec tio n s  to  be s ta in ed  by 
Oros^Bielsehowsky’ s method (A ^endix  ^ 1  B i i i )  o r t ra n s fe r re d  
d i r e c t ly  to  70 p e r cen t alcohol and then dehydrated, c le a re d  
and embedded in  wax in  the usual way* S e r ia l  tran sv e rse  
sec tio n s  of m a te ria ls  from c a ts  and s e r i a l  tran sv e rse  and
s a g i t t a l  aectio& s o f m a te ria ls  -from r a ts  were ou t a t  20 .^ 
"th ickness on a ro ta ry  Morotome* fkese .were then 
s ta in e d  .accord ing . to  methods o f  tilee and ’Moreland (Appendix 
;X:Biv)- and - Romans #s '{Appendix X B v } * '
Human fo e tu se s  s ta in ed ' by ; Earnouts .method (Appendix; 1 B vi) 
and a lso  g le e ’s  and - H-& B wore k ind ly  made av a ilab le  to  th e  
■ author.:by .P ro fesso r ,Bowden* Boys! Free' l o s p i t a l  . ■.
'School o f .Medioine * ' She' m ate ria ls ' f o r  Banson5s method a f t e r  . 
f ix a t io n  in  form alinviexe washed in  running and d i s t i l l e d  
: w a te r ' and' tra n s fe rre d ' to  pyrid ine  fo r  36--’ hours*' - fhe .p y rid in e  • 
:was washed in  .-.several' 'Changee o f -d is t i l le d  w a te r and the
■ m a te ria l t r a n s f e r r e d t o 2  p er cen t S ilv e r  n i t r a t e  a t  3?°C fox  
j  -to. ■ 4 'days 'in  th e ' dark*'- A fte r r in s in g  ;in  d i s t i l l e d  water
the s i lv e r  was reduced ."in ’ a 'm ixture' Of pyrogaXlol and fo rm a lin , 
■'Subsequently the  mate r i a l  was washed in  water* dehydrated in  
ascending 'g ra d e s ' of -alcoholf 'c leared  • in  :;xyloX and. embedded in  
' p a ra f f in  ■and ro u tin e  microtomy performed* - ‘ ' ■ '
■ ■' 0m  rat*© v e r te b ra l  column was mounted' in  c e llo  id  In  f o r  
section ing#  10$ th ic k  a e r i a l  •sagitteX  . sec tio n s  were, out' and 
stalnsd.byt**' haemato.rylin and eosfn* W eigert and van G-iesoose
■ 01ee'f’s :, and MarsXand#s * , and Eomane’S: teclmiquea* .
■IIJBBgB m  A m d iS t . ‘ ,•■ _
Gros^BielBchowsky **-th i r d  9 - .fo u rth  and f i f t h ' lumbart^fjMg3CWfcia»rwiiw»itTO •mm* rmtmrnt - .
- in terve 'X tebra l d is c s ; and' v e r te b ra l  bodies from- two ■ r a ts$ ' and ■ 
second* fourth and . f i f t h : lumbar i&tervsrfcebral d isc s  and fo u r th  
and . f i f th -  v e r te b ra l  bod ies o f one c a t  -was ■ s tud ied  ■ by t h i s .
technique* . Sfeee ©ere ..'controlled ag a in s t sacrospinal!©  muscles©
g le e g a i and', tfara land 9 e , ^ ethod « ivesy  fo u r th  s e c tio n  of 16 
lumbar ia te rv e r te b ra l  d i s c s . Ctwo • o f 'each It.x^ 9- J*g/y aa  ^ ^3/4f 
anS f iv e  o f  each and and seven Xttmhar v e r te b ra l
bodies (one • each J^p X»g and and two each %  and; )*■* from 
f iv e  r a ts f  eight'' d iscs .' {one each Ij^g -and  an t .two each'., 
'^ 3 / 3 * ^ 4 / 5 * ^ / S 1 )vand' th ree  'lumbar 'v e r te b ra l bodies (one ^ ..... 
and two -Lj‘) from- two e a ts  c o n tro l le d  against- s a c ro e p ln a lis  ■ ,
muscle was 'studied; by -th is-'technique*"' S e r i a l■ tra n s v e rs e • ■
sec tio n s  © f' ons human embsyo from • crown; to  rump* and s c a tte re d  . 
’se c tio n s  o f a large"esbxgro in  the  lumber reg ion  m m  a lso , 
studied® '.S ve i^ 'fou rth  s a g i t t a l  s e c tio n  o f the  c e l lo id in  . 
embedded v e r te b ra l  bodies and: in te rv e r te b ra l  d isc s  of th e  lumbar 
reg ion  o f \ a ' r a t  was a lso  studied®
Homaiieys  ■ method g sv sry  fo u rth , s e c t  ion 'from  s ix te e n  lum bar:
■ in io rv o r te b ra l  d isco  (two each ^ g /y  ^ / 4  an^ £*vo aa®h
S4 / 5  ail*v emd.seven lumbar v e r te b ra l  b o d ie s '(o n e  each"
Itj'P l»g and and two each- o f 2*^ * I*.) from f iv e  r a t s  to g e th e r  
w ith se c tio n  of a e e l lo id in  embedded b lock o f ;one r a t 6 a 
lum bar, v e r te b ra l  bodies and in te rv e r te b ra l  d isco  were studied® 
Bight lumbar in te rv e r to b ra l  d isc s  (one ea c h .- l^ g  end 
and two eash $*g/y % / 5  ^ 5 / ^ 1 ) E|^  th re e  lumbar v e r te b ra l
bodies (one and two from two e a ts  were also  studied©
1 o iso n se method§ Brree- human embryos- (one te a  weeks oM f 
one e igh teen  weeks o ld  and another 3 3 • •  long from crown to  
rump) were a lso  studied®-. ■
4 ; 1 osmium ®mio$xm
Qsmhm ■ tetrojcide- 1b' reduced by l ip id s  o f myelin' to  ,
-m etallic ;-osmium aM i s  deposited  as ouch* fheee d ep o s its  a re  
black- o r dark g re y a n d  thus d is tin c tly -  v is ib le *  F resh ly  
d issec ted ;.b raeh ia l. p le x i and ..lumbar in to rv c .rteb ra l d isc s  of 
r a t s  .and eats, w ere , fix ed  in  one .,psr: ee n f osmium, ta tsm i& e  :
■for 30p 00$ 9 0 : and.. ISO minutes, re s id e  t iv e ly v  fhe -m aterials were 
then  washed and .dehydrated through .70 per ..cent? 90 p a r cen t . 
m& .absolute; alcohol. befo re  clearing- in  a lcoho l and e.hloroforsn* 
fhe dehydration  in  th e  lower grade ( 1 0  a lcoho l) ..was; p ro longed . 
•{two changes i n  24 hours) to  .promote secondary'' b lackening  end 
malting the deposited , osmium more, r e s i s t a n t  to  d is s o lu tio n  in  
h igher grades.: of:' 'alcohol" and the' c lea rin g  m ixture during  t h e i r  
b r ie f  treatment® '• .’fina lly*  the. m a te r ia ls . were, embedded in  
p a ra ff in  and. blocked*. llie.ro tony was c a rr ie d ' out a t  15u to  20u- 
. th ic k n e s s •and the ;se c tio n s  dewaxed and mounted in  B*|V£*
, Number o f .animals § fwelve lumbar la te r v e r te b r a l  d is c s  
{one each ^1/ 2 ’ '^ w0' *^3 / 1  aa^' fo u r  each 5 ^ ^  •■and ;
and’ .three, :bfaeMaX p lex i'fro m  fo u r  ra ts 'w e re  stud ied -: 
by th i s  ' technique V  ' 'fu rth er*  a ll"  f i r e  lumbar • ih te rv e r te b ra l-  • :
d is c s  and one !b ra c h ia l plexus from  'one e a t5 ware also  s tu d ied  ; . 
by th is  method®', ; .
5  ■, •• - ■ m m  o m m t m . . . ■■. ■. v ' v - y ' :, v \ : /
.■ Carey's .(X941)..BOclifieEtlon of Heavier* s  -technique o f 
goM .ch lo rid e  s ta in in g ;h a s ,b e e n  c a rr ie d  o u t .on. lumbar ••
in te r ro r te h ra l  ■ d isc s  t v e r te b ra l  bodies and • b ra c h ia l .p lex l o f '
r a t s ,5 c a ts , and k itten *  Xhe ■ t i s s u e s  were tre a te d  w ith  f re s h  
lemon ■ ju ic e  f o r  f iv e  to  1 0  m in u te s / t i l l  they became 
translucent* ... fiaey were then  ■ washed."s.e.veral' tim es w ith  cool 
tap  w ate r,and-.placed..in- one " p e rc e n t  gold ch lo rid e  a i " 3 0 ° 0  
fo r  35 minutes*,.: Subsequently the-' t is s u e s  were placed l a  a' • 
m ixture o f te a -p e r-b e a t fo rm alin  '©id '3 " per cen t formic'. hold 
fo r ' hardening and .reduction '-of g o l d * . lio titiae laetliod; o f .' :
(1^  - I p ' , ©ad .-1 )  .' a n d th ree  b ra c h ia l  p le r i  from, th ree
and 1 ^/s^ > 1 ) g two.'v e r te b ra l  bodies . and ZrJ  and-one 
•brachial plexus from one oa t were prepared b y  th is  teolmi<|ue*. 
Further* a l l  'th e ; lumbar. In te rv e r te b ra l discs,,- two lumbar , 
v e r te b ra l  bodies (1^  and and one hrachigb . plexus o f a  -.. . 
k i t te n  war© s tu d ied * '
6  . ■ HiiBmSOmilf ,:AHB BOSllt - •
(Prudea*. 1885 according to' Conn and Barrow* X947)« .{Appendix 1 D)
7 IBOIf %!' 0 T“ -Sit*(A ppendix 1 B)
S ta in in g  techniques 6 .and' T'were c a rr ie d  out ;on se c tio n s  , 
from a l l  pax*a££in embedded: b locks prcxsred ;f c r  s i l v e r  - 
impregnatioEo A 'Xhborstoay schedule f o r  both o f them appears;
In  Appendix 1*
p a ra ff in ' im pregnation end c/focldiug'was performed a f te r  
decalc i f  ic a t io n  o f v e r te b ra l  bodies *, , S e r ia l  tran sv e rse  
sec tio n s  were prepared (Appendis l(c}»
Humber o f . anim als t — . Seven lumbar • in te rv e r t  e b ra l d isc s  
^*3/4 and th re e  "■ v e r te b ra l bodies
ra ts?  th ree  lum bar. in te rv e r fe h ra l  :Clisos (i#
lumber o f -animals* ' • Brezy fourth- tran sv e rse  se c tio n  from 
s ix te e n  p a ra ff in  embedded lumbar in te rv e r te b ra l  d isc s  - 
{two each X»1/lig* X p /iy  and .'five each and Bf|/S1 .j • .
and seven' lumbar v e r te b ra l  b o d ies .' (one each 2^* 'L0 and 1*^ .
and two each o f IX* and. !»*;)* to g e th e r w i th '2 saorospinnXis.. V4 , . ■
muscle© from f iv e  .rats* and, a lso  - every fo u rth  s a g i t t a l  s e c tio n  
o f a oelXoidifi embedded b lock  of one. r a t *a . lumbar v e r te b ra l  - 
bodies and la te rv e r te b ra l  d isc s  were s tu d ied  by these  two 
technique© 1 F)*. S im ilarly*  every fo u r th  tra n sv e rse
se c tio n  o f e ig h t lumbar in te r re r te b ra X ' d isc s  {one-each I^ /g  
and Xi^/^ and two .-each ^ g / j i : and .Xf^/S^)- and th ree  lumbar - •
v e r te b ra l  bodies, (one. %* .and two .from two e a ts  were a lso  •'•/ 
studied* ■ , x-' ■':=;■.'•■
n  a f  s
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One ro le  o f  the . raised  intra-abdominal pressu re  observed'
. during physica l .a c t iv i ty ' has been suggested as th a t  . o f 
re lie v in g  the 'spine of. some o f the .© tresa  to  ..which' i t  i s  
sub jected  (Davis j .1956, 1951$ 19P9f ". B arte lisfe , 1957? 11%  X962f
Bie and ?/ehn, 1966)* Ifeing a fo rce  p latform  the magnitude .. 
has been demonstrated t o . be. s ig n if ic a n t ly  c o rre la te d  w ith  the  
.sp in a l s t r e s s e s  5 r  « ;0*?8f p <*'0001 (D avis, froup and Whitney, 
196?)* Shie suggests a p o s s ib i l i ty  o f r e f le x  c o n tro l of the  . 
in tra-abdom inal p ressu re  which can-only be brought about by 
'th e  .co -o rd in a ted .co n trac tio n  of • th e  muscles o f the  abdomen* 
the diaphragm.and the perineum* ’Such a p o s s ib i l i ty  has been • 
suggested by f lo r r is ,  bucas and B re s le r  (1961)* However* no 
p h y sio lo g ica l experim ents have been c a rr ie d  ou t t o ' confirm  o r  
deny the  esdsten.ce o f such a r e f  lose, sBchanisra* . -.fhe r e f e r s  * in  
the p resen t s tudy , p ressu re  has been a r t i f i c i a l l y  generated  ■
• in  the- lumbar and -lumbasacral d isc s  and lumbar v e rteb rae  of 
s ix -c a ts , and: the simultaneous a c t iv ity  o f / the d o rsa l nerve, 
ro o t.o f the corresponding segment and the electromyographic.
. a c t iv ity  o f . the e x te rn a l oblique muscle were studied by b ipo lar . 
s i lv e r  wire electrodes and b ipolar.aeed le e lec tro d es* .•
ATOAJ&fETSt' ■-■
fhe - assembly used fo r  th is  experiment is  shown in  fig u res  
f§ . and | |  • I t  c o n s is ts .o f  a mechanical• pressure 
generating and measuring system, an e lec tron ic  pressure sensing -
and.measuring system, a felequiprnsnt o sc illo scop e  whose
am plifiers -were used f o r  am plifying muscle and nerve ac tio n  
.p o te n tia ls , and' ah u ltr a -v io le t  reco rder (SB 2000) to  r e g is te r  
■all the tra ces . • A th e rmOstatiea l ly  co n tro lled  warm 8Surrey* 
operating-tab le with' 'uprights* m etallic  cross bars and
x-blo‘cks9 w ith  a sp in a l immobiliser, was. used fo r  the animal; 
expert merits ®; :
Mechanical Pressure .System •
■fhis consists. of - a p re ssu re -b o ttle  (MHO blood b o t t le )  ■ 
w ith.a s ta in le s s  s t e e l  siphon head® fhe i n l e t 'o f  the  siphon 
head, i s  connected to e sphygmomanometer. bulb /by means of 
s il ic o n e  rubber' tub ing  TG 156® fhe in te rn a l': d iam eter of the 
tube i s  5®5-mm and. the thickness of the w all 2®5 mm® The 
s il ic o n e  rubber i s  translucent*' non toxic- and..inert* and has 
the fo llow ing physical, ch aracter istics  s~.
fens l i e  s tre n g th  E longation a t  break . . B rittle "  point-; ■
925 -  .1,100, 350 to 40&
f e a r  s tre n g th  ' -Hardness
9 -  12 lb ■ ■ . - 45 -  55 B3° ' ;
fhe o u t l e t . of . th e . b o t t le  top  is . connected ' to  the  i n l e t  of a'
con ica l f la s k  siphon head through a g la s s  f-junction* - fh e ; '
v e r t ic a l  limb o f the f - Junction  i s  connected to .a .mercury ■
-manometer of a standard  blood p ressure  manometer® fhe con ica l
f la s k  i s  f i l l e d  w ith normal sa line and placed in . a w ater b a th
ad justed  to 37*5°C# .. fhe proximal-end o f  the siphon head o f ..
the co n ica l f la s k  remains submerged in  the, warm s a lin e  and th e
Explanation o f '£ ig e ^  . (photograph) , - w.
AseembXy used for.-investigating  nervous ' c o n tr o l.
of the  Intra-ah&ominaX p ressu re  in  eat* fhe UV 
* recorder'.shown- in  the photograph is  a replacem ent 
. f o r  the  one need- SE 2000 •
Explanation of tig*  ^  {block -diagram) ,
Block diagram of the above assembly* .S eparate
arrow s-ind ica ting  the  path ©f p ressu re  s tim u li
an d .arrow heads rep resen tin g  e le c tr ic a l  input
■ and■output*-
 -  B Water ba th  ■
• H ; KBTQnvff manometer
' .2? fraasducer
. M ■ Meter .
T ' Pressure ..bottle
E:, ' OT Becorder
' ' E. : fla sk  containing normal: sa lin e
E . ■ E lectrodes -
K Hypodermic needle in se rte d  in
the in tervertebral d isc
0 , Operating ta b le
V- C entral v ee . o f the  opera ting  ta b le
8 ■ -Oscilloscope: with **\ o p re am p lifie rs
and screen
... . M  .- A r t i f ic ia l  r e s p ir a to r , '
\ 0  fy ing  c le a t
0 Upright fo r  attachment o f • various
- 'devices*. .
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■ d i s t a l ' 'end"is:.eo!m eeted to  a f-jn n e tio ru .. One o f 'th e  o th e r  
two'.'ends o f th e ' X -junction  is ' connected. to th e  p r e s s u r e '. 
tran sd u c e r■ ami th e : o th e r  ■ c a r r ie s  -a ■catheter w ith  a •
'f i t t i n g  hypodermic -'needle .No. 22..’ ; pumping'the ■■
sphygmomanometer bulb, and 'w atching the- mercury manometer' a 
desired:"pressure head of warm iso to n ic  -sa lin e ' could be. obtained .' 
a t  the needle t i p * '
E lec tron ic  .'pressure sensing  and ..measuring systems ■ ■
■ fh is  system’' c o n s is ts  - o f  - a p re ssu re  tran sducer (C ardiac "
■ te c  orders' l t d .  -fype; 27 Ho. 22 f ) with :a range ..from'-0 to 300 mm Eg. 
and a m eter .(Cardiac .Eecorders l t d .  'Type 27 No. 408) matched 
•to, read the’ .pressure sensed b y th e - transducer:with ..an output 
jack, to ‘feed-any.;,recording.-device (see.-.fi%1 G$ 11)* fhe 
p ressure  range-of., the transducer' was ■ from .0 .to  300 mm of 
mercury, and-the frequency response .from 0 to  100 Hs. fhe system 
was ca lib ra te d ' ag a in s t known p ressu res-read  .d ire c tly  from, a
.mercuiy m anom eter.•'
O scilloscope and am p lifie rs
- A'd u a l :channel -'SelfiQUipmeiaLt’ D.'4 3 -''Oscilloscope-was. used - 
f o r  the fam p lifica tio n  .anti'demons'tration ,o f the  signals® I t  .
.is .  a v e r s a t i le  o sc illo sco p e  w ith  id en tica lyp lug-ln  v e r t i c a l  : 
'am p lifie rs  and interchangeable.'.timebase units*' .
Owing to the liig h  g a in  o f ,;the•amplifiex* used/'hum caused 
by earth,- c u rren ts  could cause considerab le  problems9 p a r t ic u la r ly  
when two am p lifie rs  were used sim ultaneously* 3?b avoid ■ 
m u ltip le  e a r th  p a th sf these  am pli& rs have a l l - e a r th  connections 
in  the’ high-galn p a r ts  of the c i r c u i t  brought to a common 'p o in t ' 
to-which are  connected the- o u te r of the UHF Input-socket and 
the .’low. terminal* ■ $hese'are not'connected d ir e c t ly ,  to  the 
c h a s s is ,-b u t  v ia  a 100 ohm •resistor® fo avoid-hum loops- 
between the source 'and  the .'oscilloscope* e i th e r  .the- l in k  .between' 
the I*ow and the chassis-.'earth  was broken and one e a r th  - 
; connection made a t  th e ;s o u rc e ,■on th e  low.-end -chassis' e a r t h s . 
■were linked  and n o -earth  connection made a t  the  source*
• ch aracter istics  of .th e .cathode ray  tube
'O vera ll p ost-d eflec tion  acceleration  - 4k? ;
. S e n s it iv ity  fo r 'p er cep tib le . 
modulation'at-average 
. b rig h tn ess  -  approximately ’ : 20 V'
$ime constan t -  approxim ately" ICO ft S.
.. She am plifier type. .A was'-used'.-for am p lification -of th e  
. s i  goals ’ from the ex te rn a l oblique ■ mas c le  ' of the  c a te . Shis 
i s  a fo u r-s ta g e  dual-range direct-coupled a m p lif ie r  providing • 
a low impedance output to d riv e  the CR$ y -p la tes d ire c tly *
'A-nine p osition  frequency-compensated input attennuator,in  ■
..conjunction w ith  the: x 10 gain  ..fa c ili ty  o r  a z  10 prdbe* 
ensures the acceptance o f a wide range o f  in pu t/leve ls* .
The' a m p lifie r  c h a ra c te r is t ic s  are  a s .fo llow s %
■ ."x 1 . GAXH 2: 10
3 dB -bamlwidth' ■ d*e* -; coupled d*c« -15 Mis ’ d*c* -800 hHs..
a * e . . coupled 2Hs -15 MHz 2Hs -800 hEz 
10 to  9<$ r i s e  time - 23 as 440 as
TlP'Pl €%¥%
" s e n s i t iv i ty  ‘ 5 0 . 1 -  SOV/co 0 . 0 1 Wor n
Maximum inpu t (v ia  400, v capac ito r, on AC) 400 -Vp 
Input impedance approxim ately *• . • 1 megohm & 40 p f
C a lib ra to r :ou tpu t ■ . . XVp -  p
■ A sp e c ia l capacito r, ou tput • was .pat on the  bach of 
o sc illo sco p e  from  the p in  & of the  s ta g e  .4 o f ’th i s  am plifier*
.She am plifier type, B (d iffe r e n tia l)  was employed to record 
the a c t iv ity  o f .'the.;-dbrsal nerve roots of the cats* . This  
am plifier provides a range of 12 input s e n s i t iv i t ie s  from' 1mf 
to 5Vein with a 3 dB bandwidth from'd*c* to  75fcHs* The common 
made rejection  ra tio  on ' the 1 to 50 mV/cm ranges in  10*0008.."
1 tm to  1 kHz*/reducing to  1*000 g 1 a t  T5klfe| on the  100 to  
5 §000 mV/cm ranges * th e - r a t io  i s  1*000 % 1 up to  1 hits 
reducing to  100 s' 1 a t  10 fcHs* Maximum-d»c* d r i f t  i s  not 
more, than 5 mf per hour a f te r  the am p lifie r, has warmed up*. 
C apacito r -output was put a t  the bach o f the a m p lifie r  from th e  
p in  8 of the  f i f th ' s tage  o f th is  am plifier*
■An EV recorder. SB. 2000 was used to  record  the t ra c e s  of 
the  increased  in tr a -d is c a l ' p re s su re . and th e  a c t iv i ty  of the  
d o rsa l nerve ro o ts  to g e th e r w ith  the electrom yographic a c t iv i ty
of the  e x te rn a l oblique o f the  a n a e s th e tise d . oat* fhe 
H i l a r i t y  o f th e 'd e f le c tio n  on the. record ing  paper produced , 
by the- galvohom eter beam when cornered with- the- d e f le c t  lug, ■ 
c u rre n t to  leas ' than  •£ over 1 0  cuss* ■ d e fle c tio n ; from a 
cen tre  position*, fhe-damping ratio-"used: f o r  th e  galvanom eter 
was 0*65 which provides a .frequency  response f l a t  to  w ith in
«*. * p-  up to  ^  rd of the n a tu ra l frequency*
i f -  . ; iM B m m m TM i ' ■ ,
l e " C alibration of. the' pressure' systems • v fhe' 'trshsduoer.. 
dome was - f i l l e d  with- normal' sa lin e  w ith ' the' tapr opened' and \ 
i t  was -allowed "to.,d ra in  t i l l  th e re  whs' no •air b u b b le .'le ft ' In' 
the  passage ;sM  the  ta p  'was-' ra p id ly  blosed* fhe s a lin e  was 
topped up in  the dome and th e  tran sd u cer h ead .screwed on . i t  - 
: tak ing  care  th a t  no a i r  bubble was entrapped* k s i l ic o n e  tube 
emerging from the  o u t le t  o f the  siphon head of- the conical-
. f la s k  f i l l e d  w ith s a l in e  was connected to the  in l e t  o f 'th e
transducer Using the  taps* a l l  o th e r  openings to and from the
tran sd u cer was blocked* fhe output' o f the transducer .was fed- ...
'to the meter* A. known tre a su re  was generated ' in  the transducer 
by pimping a i r  in to  the pressure b o t t le  by sphygmomanometer 
bulb and reading th e  value on the/m ercury manometer* By - 
su ita b le  .adjustment o f  the range* ga in  and damping o f the meter 
a lin ea r-re sp o n se  was achieved* ,■/
2* , C a lib ra tio n  of the am p lifie rs  $. The oscilloscope-... 
was sw itched on*at l e a s t  h a lf  an hour was-allowed f o r  thermal 
d r i f t s  to  s ta b ilise *  Both am plifiers (Sype A and fype B) -were 
th e n 'c a lib ra te d  using © square wave. amplitude ca lib ra tor  
• according to  the "instructions in  the manual*
O perating ta b le  end i t s  s e t  ups .. A •Surrey* o p era ting  
ta b le  was designed in  t h i s '.'department* ' She': ta b le  to p  i s  
made from one shee t o f ■b io lo g ic a lly  in e r t ':s ta in le s s  s t e e l  
. w ith a cen tra l- vee to ' lo ca te , the  animal* B ails  ’ a t  :'each,;s ld e  
-can y  the  .uprlgbt / rode and .'. ty ing  down '-c lea ts  w hich■ can -be. -moved 
. along,, th e  - . r a i l  and ■ clamped in  -any d es ired  .position©' : She' ta b le  • 
.■surface i s . evenly warmed .by h ea tin g  mats aM, controlled-fey . 
an energy ,reg iila tiiig :.dev ice@ i .By-means o f the therm ostat:, 
•control .knob ;the tem perature of the .ta b le  was ad justed  to.
;3T°0 as:, read -from .a .-thermometer placed, a t .’the bottom o f th e  
V-grooVe*. ..She, mercury, bulb of. the  thermometer -was held  in  
•contact -with th©' o p era tin g  ta b le  s u r f  ace" fey means o f  .p las tic in e*  
.fwo, u p rig h ts  ,were .-screwed a t  one end' o f the  ta b le  and fey means, 
o f  x-blo.cto .a. h o rizo n ta l ' rod was heM. between them© ' At. th e  . 
o th e r  end . ano ther up rig h t ■ was ©crewed. through,an ;x~felock 
•sliding on .the ;. r a l l  h e ld  between the  .ex te rn a l frame* •. Th is . - 
. upright-was. s l id  towards the middle, to. acquire a s u ita b le  : 
.position* . Another fey. a h o r iz o n ta l . rod . con ta in ing  s e v e r a l . , . . 
x-block© was hold:'along th e  length, o f the. ta b le  between the 
te rm inal u p r ig h t• a n t1 th e  c e n tr a l  h o riz o n ta l ro t*  '!3?hrough..- 
the  x ^ b lc e te . o f ; th is . ■ h o r iz o n ta l '. rod two e lec tro d e  ..holders ■ 
a n d 'm.:spinal immofeiliser was. aXid i end screwed tight© .She, 
e lec tro d e  h o ld e rs  ;were compact , b a l l  Jo in t  clamps .(IlaiBh*X968). , 
■having a double *•_ t ig h t  te r r y  c l i p  on one .end so ld e re d ;to  a 
.u n iv e rsa l .Jo in t and ,a screw a t  the o th e r  end to  leek  th e  
u n iv e rsa l Jo in t in  any position*  The sp in a l imrnofeilieer was 
; © b ra ss  rod rec tan g le  8 11 x 4”. held  on a 6« L*»rod«
:The c a ts  were anaesthetised by in je c tin g  nembutal ' 
in tra -p e r i to n e a l ly  a t  a dosage o f 45 mgs* .per Kg* o f body . 
weight*. When, the co rneal and' pedal re flex es , had nearly • 
d isappeared r  h a l f  o f the th o ra c ic , the  whole o f. the  lum bar; 
and: a part of the s a c ra l  reg ion 'on  the "dorsal sid e  o f the 
..animal was shaved* as were; the fronts' o f both  forelitsbs*  
fhe animal was la id  prone on the. op era tin g  ta b le  w ith  i t s  
- head, thorax'- and abdomen ly in g  in  thevv-groove*-. A ll fo u r  
.■limbs were secured by means -of th ic k  string* An anal 
thermometer was in s e r te d * . A hypodermic syringe w ith  a 
sm all cannula and a hypodermic, needle a t  the end w as'inserted  
onto the re c u rre n t vein-.and-strapped ' on .the forelim b to  
.^enable, the-anaesthesia  to  fee c o n tro lled  continuously*
A long in c is io n  extending from the epinous process 
"of. the eleventh" o r .tw elfth  th o rac ic  v e rteb ra '-to  the  second 
sacra l vertebra1 was made* . fbs f la p s  o f sk in  were re f le c te d  
to  e i th e r  s id e  .'and a s im ila r  in c is io n  made in  the  fa s c ia  
along the  spinous processes* •■' f h e .'s a e ro sp in a lis  muscles were 
removed from-the. lumbar reg ion  a f t e r  l ig a tu r in g  the major 
blood vessels*
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An an aea th e ttsed .an d  laminactomieed o a t , 
'l |r in g  prone .on. the .o p e ra tin g .ta b le .d u rin g  : 
•'.an exper£isent« .■ the two. b ip o la r  .e le e trodes 
and - the hypodermic needles are  placed-'in. : 
position*  . For a b b re v ia t io n s 's #  fig® 1 0
-B rplaautioa o f fig*  ; ■
■An enlarged * photograph of: laininectoaiBod 
.lum bar.sp ine o f . a  oat, w ith  n eed le ' and ■e lec tro d es  
in  position*  ■
SB S e lf  holding re tra c to r .h o ld in g  sp in a l ,.
muscles apart*
SI ’ . . S p inal immohillser*
SIC .■ Sfein; t ie d  to the - s p in a l im m obiliser by
/ m etal wire* . , , :
PS  ^ ■.,:f a s c ia  also  t ie d  to  sp in a l,iis iso h iliee r*
SB/ , . .  -Spinal cord exposed a f t e r  ex c is in g  th e  
dura mater* .
IF ' - , ■' l iq u id  paraffin*
■BE- • B ipo lar s ilv e r ;  electrodes g en tly  ho ld ing  .
the  d o rsa l .-nerve root* '
IB Heedle in serfced in to  the -■ in te r r e r t e h r a l  disc*
Oil \ Cannula connected to  the" co n ta in e r w ith warn
iso to n ic 's a lin e *
Fig. 13 Set up for investigating  nervous con tro l 
of intra-abdominal pressure .
fhe- i l io c o s te l i s  imapeles w ere. hold opart by a s e l f , . 
re ta in in g  r e t r a c to r ;  •. She -open su rfaces  were always 
kept m oist ;w ith  v a to  iso to n ic  .saline:-solution*'./*Tae''-lumbar 
spinous :pro cesses* ■ laminae 'and;:p ed io le s r  were now. removed :
•to expo so • the ■ s p in a !  cord '.(tig* i3  ,!).« '"  ’2foe ’ s p in . o f the, . 
lumbar reg ion  -was. ■ .immobilised b y ; ty in g  a  \ w ire . passed . through . 
■ .drilled  ho les ' t h  the  spinous processes 'o f th e ' l a s t  th o r a e ic • 
and f i r s t  s a c ra l  v e r te b ra  to . the  sp in a l, i t ip o b il is e r  h e !!- ■ 
firm ly  above: th e , . an im als: .The a p ln a l itsraobilieer.w as - s l i g h t ly  
. l i f t e d  t o : hold .the  sp ine s t i l l  and- also- . t o . reduce, b leed ing  
. from the sp in a l v e sse ls  (Bearo% 1957)* ; Tho skin" and th e  
.. f a s c ia  .was - sewn to the sp in a l im mobilise? and .tbs space thus 
- 'c rea ted  was f i l l e d  w ith  -warns ■ (37°e). liq u id ' paraffin®  -fhe-,. 
dura, mater, w as;then © lit  open.
In. o rd e r -ie ' p lace  the. e lo c tro t^ d g rap iilc : needlo ; ■•
■ e le c tro d e s ;in - th e /e x te rn a l  obliq,uie..m useles * a sm all .in c is io n
was sometimes made in  the •skins' while a t  o th e r t in e s  the  
e lec trodes- w e re :In se r te d fd ire c tlf . between^ the  • sk in ' and fa sc ia*  
H aving,reached /th iB ; p o sitio n - th e /e le c tro d e s  w ere ; gently . .... 
in s e r te d  . in to  the ' e u p o r f ic ia l  'muscular layer* . " She e le c tro d e s  .
. .recordlag th e  do rse ! • nerve ro o t  p o te n tia ls  .were • s l ig h t ly .■
'r b e n t .a t, the- t ip s /  and : placed ’g en tly  underneatli' tlia roots*.V 
. w ith  Ju s t s u f f i c i e n t • ten s io n  bn ..the '-nerve‘ ro o ts  . t o . ensure - 
'■ t h a t . they  - were in  ■ contact* Hypodermic; - n e e d le s ' connected ' to  
the p ressu re  recoM or wers -.now In s e r te d  -into th e  lum bar ■
.... ia te rv e r te b ra l  • d is c s  * -and; normal 'sa line ;-m ain ta ined . a t  .37°C- ,; - 
l a  a w ater b a th ; was: in je c te d  -tinder .varying- p ra s s u r#  w hile 
record ings were made* • B oth-the magnitude' o f the  f l u id ’ p re ssu re
"and I t s .  r a te  o f - change were v a r ie d  a t  d i f f e r e n t  .places • 
o f the experiments* normally, a p ressu re  of .90 to 100 
n  Hg was reached. 'in- two. or -three stops' on ,one occasion* . / 
am  - a t  '.-another, the  f u l l  pressure., was:ob ta in ed  by e continuous
■rise la s t in g  about two seconds*'' Ho; standard ' s tep s  of ; 
p ressu re  . rise -w ere  possib le  as a sphygmosanoBieter bulb . 
was being used*
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D e s c r i p t i o n * ' ' t y p e  ,'% f0 ;p ressu re -• 's e n s it  i r e  rad io  
p i l l s  wore used« - ©ie©e are  ssjaXl rad io  tra n s m itte rs  
s p e c ia lly  • designed .fo r p ressu re  • measurements' in s id e  the 
g a s tre - im te e tin a l  " tra e t  of la rg e  mammal©#. they, tra n sm it . 
a t 'a  c e n tr a l  frequency o f approxim ately 400 'hHs* P ressu re  
v a r ia t io n ' © Iters th e ’ freepenoy of tran sm ission  by. a t  l e a s t  
2*5. per cen to’ f o r  a 'p re s su re  change.o f 100 cm w ater gauge*
She p i l l  con tains ' a  t r a n e ie to r  ^ o s c i l l a to r  whose frequency 
Is  co n tro lle d  toy a,diaphragm operated  v a r ia b le  inductor© '’
A m in ia tu re 'tmmrn^ toatt©zy io  employed as a power source 
which has aa, o p era tin g  l i f e  of a t  l e a s t  40 hou rs# . She 
b e tte z y  i s  re a d i ly  ;rep laceab le  b o ; th a t  each p i l l 'c a n  toe used 
repeatedly© -IBm operating  tem perature f o r  th e s e .r a t io  p ill©  
ranges iron  -0° ‘to  45°0e
Constructions. ., She Clapp o s c il la to r , c i r c u i t  (Watson* ■.
lo s s  and ..Key* 1962} has ,been- employed , in  these  r a d io - p i l l s  "•• 
(fig® *4 ' )*. . Here, the  inductance i s  wound :©n a sm all f e r r i t e  
pot core and the magnetic c i r c u i t  completed .toy a d is c  o f  ' '• 
fe rrite©  . f t e  inductance' v a r ie s  w ith  the -a ir gap- between • 
t h i s  d isc  and the .core* changes .In th e  inductance le ad in g  to r
l 2  l I
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MECHANICAL LAY-OUT OF THE RADIO PILL
CIRCUIT DIAGRAM
a ' change i n . frequency of ©sc i l l a t i o n s . .... f to  c a r r ie r .  •' 
frequency i s  in  the  'haiiS; 300’ :to  ;P0G kHs end '-the m odulation.:., 
caused by ' a p o s it iv e  p ressu re  ■ reduo©e .the frequency. :
. flie cei?|*cnents.- a re  wired- in to  a ic t sJ&x form er and : 
sea led  In to , the  perspex body before- the :&iaphragm assembler..; 
i s  undertaken*..- fhe body of . the-' p i l l  i s  machined from' f  in# .; 
d iam eter perspex rod«\ *2h© ..diaphragm is  a bexyXXium d isc  >.
7*5 im in  d iam eter w hich 'rests;.on  a  shou lder 'machined in to  ■ ~ 
the perspex body® . A b ra ss  sp ig o t tapped w ith  a 14 BA . 
th read  i s  a ttached  w ith  A ralclite r e s in  to  the' diaphragm.. /- 
f to  f e r r i t e  'd i s c : is ;  secured w ith  A ral& ite to. a .b ra ss  d isc  
machined onto the. end o f - a 14 M :sorewf which i s  . then f i t t e d  
in to  the. b ra ss  sp ig o t. Mils assembly allow s accu ra te  
ad^tB tment. o f th e  gap I n  the. p o t;co re ..’ • I t-  i s , im p o rtan t. to  . 
to re  the  f e r r i t e  d isc  a c c u ra te ly . aligned  • p a r a l le l  to.’: t h e . 
pot core and th i s  re q u ire s  the  d isc  -to be gxound f l a t ' a f t e r  
i t  i s  a ttached  to  the  .screw*.- & non to x ic  sy n th e tic  rubber 
50 8 s e a l  and a ;b ra ss ,p re ssu re , rin g  s e a l  the  p i l l ’ from leak s . 
a t  the diaphragm...
, fhe b a tte ry  end must - be sea led  from the diaphragm , 
chamber, and B .l.B . re s in s  .have been used to  encapsu late  
the e le c tro n ic  components to  ensure . a ' r ig id  assembly, and a 
good seal*  • High vacuum s il ic o n e  g rease  may' be app lied  
round - the  *0* s e a l  to  e lim ina te  any remaining s l ig h t  le a k . ' : 
the •. mechanical layou t i s  shown ■ in  fig*  '14 -
Pressure,, and response .re la tio n sh ip s  . - Id e a lly  the  ■ response
o f the rad io  p i l l . to  • ’p ressu re  should be ;lin e a r*  . Bepeh&ing'
on -the diaphragm an alm ost l in e a r  range of response can 
-easily  be se lec te d  to s u i t  the experiment© Howevesy the 
.response .-does tend, to d ev ia te  from a s t r a ig h t  l in e  towards 
‘ the end o f the range h u t the e r ro r  due to  n o n - l in e a r ity  .is  
le e s  than ' 3$ o f . the f u l l - s c a le  value*-. Diaphragms d i f f e r
■ in  thieJm esa according to  th e 'ran g e  o f  p ressu re  to  he ' 
measured*. ■ P ressu res up to. 150 c i  o f w ater ©re r e l ia b ly  
measured by e diaphragm' 1/lOOOth of an inch  in  th ickness*
E f f e c t ' of tem peratures t G enerally p re ssu re  s e n s i t i v e . 
ra d io ’ p i l l s  a re  a ffec ted  s ig n if ic a n tly -b y  changes in  
tem perature* w hich'cause d r i f t*  However* s t a b i l i t y  may be 
achieved' by tak ing  considerab le care  in  the- adjustm ent of " 
the a i r  gap*' A tem perature s e n s it iv e  reactance, i s  no t used 
i a  the- p resen t c irc u it*  3?he change. in frequency due t o . ..
■ - component v a r ia t io n s 9 p a r t ic u la r ly  * in  . the tran sisto r,}
- causes the- frequency to . decrease whereas, the  a i r  which i s  
contained w ith in  ’the p i l l  expends w i th . in crease  in  tem perature 
causing ' t h e 'tmQiz&my to. increase© B y..carefully  ad ju s tin g  
the  . gap in  th e  pot” c o r e ' i t ' ia  -usually possib le  to  balance 
'.'.out th e ' two effects©  ’She.enclosed a i r  to e  more e f f e c t  and 
. competes w ith the te m p e ra tu re 'd r if ts  'in  components* . . With
■ suels adjustm ents .the'' p ill©  become accu ra te  to  yfi- over -tbs' • 
range o f  35°0;,to.40*5°c© . :
S t a b i l i t y ' o f ' the  p i l l  t •. I t  i s  d e s ira b le  - th a t  • th e  frequency
•. o f ' the  tra n s m itte r  should remain s ta b le ' over, the.; l i f e  o f the  
Pill©. I f  I t .  I s  - no t ©Ot the ;base  l in e  'o f ; th e  tra c e  w i l l  d rift©
f i l ls  will- -render a r e l ia b le . long • term a n a ly s is . impossible* 
aad \ab so lu te> value©;<of pressure© cannot,be' deduced* ©sis 
undesirable- e ffec t; may a r i s e : from- v a r ia t io n .i n ' the b a tte iy  
v o ltag e  o r  to  - d e te r io ra t io n  irx ihe  ’.mootouioal. p ro p e rtie s ; ■'
■bf the.- diaphragm* ; r • ,•.-■■;■ ■' - / \
Manufacturers ■ spec i f  io a t ions $ v: . ■■: ... ? .. .
Frequency' ' ' 400 kHs ‘approximately '
S e n s i t i v i t y  • . 1 0 -4 0  klls fo r  100 o m '  w ater- gau ge  '
B attery  type' ’ ' ■ ■ . ISalibxy- type"H I : 312\br M  312: H
B atte ry  l i f e
, excess pressu re  *' when .ad justed  
correctly* ■
4 0 'hours minimum'■'
*' Stemperature
Accuracy.'
Si s© len g th ' ■ 
Bismeter-
Operatittg-- ■ tr. to' 45 0
Absolute maximum 6b°0* '
a* ■ frahsducer.'tem 'perature c o e f f ic ie n t  
' >3©3 ems* w ater gauge p er -°C r i s e
b* . tra n s m itte r  tem pera tu re -.co e ffic ien t
*. 0* 7$ o f ■ o p era ting  frequency 
'per °0 rise*  maximum
c . Base lin e  d i r i f t .between th e  th i rd  
and f o r t i e t h  hour o f operation*  
not g re a te r  than 0*23r/> o f .
• ■ operating  frequency * .
B BAfEBRT
fhe''M allory, meroury b a ttex y : type .W, 312: was used as 
th e  power source f o r  the  pill©  Shis c e l l  has a s ta b le '
v o ltage  curve as th e -c u rre n t i s  drained-from  i t  and ■.
re g u la tio n  is . w ith in  0*5^*. .fhe voltage, of th is  c e l l  drops • 
.quickly tixm  -1*35 v o lts  to  ■1«32 v o lts  over the . f i r s t  h a lf  
an hour and then, remains w ith in  th e  quoted • regulation©
'She d r i f t  . in  base, l in e  -during' rooordinga from ingested  vy 
p i l l s  corresponds t o . a change; in  th e  c a r r i e r  frequency .-of. , . 
le s s  .than 3 $ f .. th is  - f ig u re , b e in g . inc lu sive ' of re c e iv e r  
-d r if t  (Watson* Boss- end. Kayf: .1962)© • On -p ills--tee ted  a f te r  ■ 
•'recovery and re fu e llin g *  the p ressu re  c a l ib r a t io n  has been 
■found fe bo-the same*-.
c : A m iM i . ; .
(The a e r ia l  evolved and -employed was an o m n id irec tiona l
antenna© It- co n s is ted  of th re e  loops o f  e ig h t .to nine ', 
rounds o f a s in g le  w ire each wound. t ig h t ly  round fo u r  n a i ls  
hammered .-vertically , on .a wooden, board d e sc r ib in g ' a square 
..having s id e s  o f .10 inches* . 'Th&m. loops o f w ire were pressed  
close, together, and pain ted  w ith  p la s t ic  cement -in. acetone' • : 
in s id e  and outsit©  by means of-.a camel h a i r  brush* fhe 
.painting.w as' .allowed ,to' dry,- an l 'the n a i ls  withdrawn*-- .fho 
s t r a p  loops .thus .obtained were fu r th e r  covered' round' a t  
■regular., in te rv a ls  of two to  th ree  inches -by means- of • 
adhesive tap e* .. SUrce d i f f e r e n t  co lo u red . ( v io le t* 'white-; 
and yellow ) wires: were used f o r  m aking-these loops* 'Bach • 
of the 'loops were so ldered  to  two w ire s ' of ■ a m u lti co loured , 
screened s ix  core cable*..' Corresponding - coloured .-wires. a t  ■ . 
the  o ther ’ o f th e ' c a b le ' were 'eoM erefi' to  co ax ia l plugs*, ■ 
fhese th re e  loops d u rin g 'th e  experiment were arranged -
m u tu a lly  .p e r p e n d ic u la r  to  a 'a ch 'o th er /.’to '■ a c t  as an 
o m n id ir e c t io n a l'  a e r ia l ' . ( f i g * '  IS )*: ’
B- =
.' ■ -2fhi©;■ Was• manufactured, aim - ©uppxiea ey - s e x ig ' Electro* 
Magnetics l t d *-
'transm ission"frota' te lem etering  tra n sm itte rs  w ithout ; 
e x te r n a l  a e r i a l s  l e  very d ire c t io n a l  a s  th e y  behave- l ik e  :' 
m a g n e tic -bare -surrounded'' by - an e le c tro  magnetic f i e l d '  o f  a
shape s im ila r  'to 'a- doughnut* - w ith  a l l '  t h e  -'lines o f ..force". 
.h av in g  t h e i r  o rig in  a t .'th e  ends o f the -p ill*  I f  th e  p ic k  up 
c o i l  is - . 'p a ra lle l to  the l in e s  o f .- f o r c e  * hone • of- them -w il l  - 
th read  'it*  and. no. s i g n a l  w i l l  be induced*/' I f  ' i t  ; is '  h t  r ig h t-  
angles to the', l i n e s  o f  force* many , o f them -w ill th r e a d '. i t  •/• 
and th e  maximum s ig n a l w il l  he- induced*.. ■'. ‘So: c o u p lin g  to  
the  p ick  up loop can vary-'.'C onsiderab ly ■ and on -.occasion s 'th e  ■ 
s i g n a l  s tr e n g th ' may f a l l  below - a th resh o ld  v a l u e ’to . d r iv e  . 
th e  ' r e c e iv e r * ;  ■
- ’ fh e  a e r i a l . sw itching u n i t  g a ts  r o u n d : t h i s  ' problem' as 
th e  c i r c u i t - -contains - a: m echanism ; .by1 w hich' th e  three.-' c o i ls  7 
a r e ’.'rapidly,-connected§ - one a f t e r  m o t h e r , . t o  th e  in p u t o f 
th e  r e c e iv e r  w h en ever  th e  s ig n a l s t r e n g th - f a l l s  below a p re­
s e t .  c r i t i c a l ,  level®- ■ But th is- scan n in g- i e : b rou gh t , t o  a 
s to p  immediately the  r e c e iv e r -g e t s - ' in fo r m a t io n .- th a t ,  an ' 
ad eq u ate  s i g n a l  - is -b e in g -p ro v id e d .- , by any o th e r a e r i a l * ' ■ 
fh e  re c e iv e r  then "stays connected t o  t h a t . a e r i a l . w h i l e . i t  ..' 
continues.'to ' p ick up a s a t is f a c to r y  s ig n a l and o n ly  u n lo c k s  -. 
the. sca n n in g . c i r c u i t  'aga in  when" the  sign a l"  s tre n g th  f a l l s  - -
below an- u n a c c e p ta b le  le v e l.'-  f h i s  -sw itc h in g  is -  b ro u g h t  
about by- 'sem icond uctor,. c ir c u its /'a n d --o cc u rs 'v e ry  rap id ly / - • , 
-eo > as; no t to  'allow- -any■?a r t i f a c t  ■: i n  ■ the  t r a c e * ! ' -fills" ■ ■ 
s w it c h in g  p r o v id e s  :an in d e x • o f  - p i l l  .movement -and can be"- ■ - 
m onitored ' by c o n n e c t in g  :a  .'recording-. channel - to  t h e •c o - a x i a l  
so c k e t-  o f  th e  s w it c h in g  n n i t  la b e lle d -  -■♦motility?*..". She/  "
. a e r ia l ,  s w it c h in g , -unit- i©;. provided'-w ith th r e e , input-:- s o c k e t s  
fo r. the th re e ,c o -o rd in a te .,a e ria ls , la b e lle d , a e r ia ls  Xr. 2? 3© 
Tim.: a e r i a l  sw itching ...unit .derives, i t s  '.power supply - from  
t h e  low v o ltag e  supply.: o f the - rad i o  p i l l  rcce Ivor* -Output 
s o c k e t s  ‘a t  *6 V r e la t iv e  to  the "chassis are  .provided to- 
-power- e m it t e r : ' fo l lo w e r s  a t  th e -a e r ia ls*  - fhe. setting-'-'of th e . 
t r i g g e r  le v e l  c o n tr o l ,  d e ter m in e s  the s ig n a l s tre n g th  le v e l  
a t  which th e -u n it  w il l  b eg in , to  search*';';-■-
B ■ / HABIO H lb  HECBX7HR
... - f h i s . has been  designed by,!S*B*0*:.h u t .m anufactured • and - 
s u p p l ie d , by. S e l i g  E le c tr o -M a g n e t ic s , l t d *  I t .  i s  e s s e n t ia l ly  
a general, p u rp o se 're c e iv e r f o r  .any •freq u en cy  •m odulated; ' 
t r a n s m it te r / in  t h e ■fr e q u e n c y  range 2 d .kHs t o ' 32' Mils, w ith  
a  gap betw een .1*5 T b rand  1*7 MHs to  perm it the  use o f a  
1621 kHa in te r m e d ia te  frequency .which-gives a f a r . s u p e r io r  
im age r e j e c t i o n  ..than, f r e q u e n c ie s / in  the  .450 Irlls region*
:Shs- instrum ent i s  b a s ic a lly  a H eath-K it .-1*0* : 1- receiver©  
Each - band i s  se p a ra te ly  c a l ib r a te d ; on-' a. -large easy -to -ro& d , 
s l id e  r u l e . sca le* '' ■ p ie  d ia l  - i s  ■ i l lu m in a te d ,and - p rov ides ' - 
approxim ately S i\: o f  • band-spread f o r  each -.hand *‘ . A two -speed- 
d riv e  i s  in co rp o ra ted f allowing, a em ail' s e c t  ion -of th e  band'
to  be.;turned a t'a  very; slow-rate* I t  has the following-... 
sp ec ifica tio n s  s.
Frequency coverage .Baud A .- , -•'<).* 6 to  1*5 M-.'.Hz'' .
S e n s i t i v i t y . 3 ^ 7  fo r  10 dB S/N
ratio-or, b etter  (S.W*:;bends) 
■ . ‘‘8 ju? fo r , 10vd B 's/ll ■ :
r a t io  or b e t te r  (H.W* band) 
Input impedauoe . 600 SL nominal
. P ■ . ;, : 1)m CBf S TlILlIOIIABKEIr HECOBBBR 1W 4«.
.'■■The' -trace. i s  recorded by a ho t s ty lu s  on a hea t 
s e n s it iv e  paper in  r e c t i l i n e a r  co -o rd in a te s* The s ty lu s  
tem perature i s  au tom atica lly  regu la ted  by the paper speed®
The '’'pen■ .motors- .are./com pletely■ sealed*- -Frequency' •
' response' w ith  8 . -'em’ w ritin g  .arm -' ho t -s ty lu s  i s  0 to 70 Hs 
(3 &B)e ;Maximum excursion of t h e ‘p en 'tip . i s  m echanically 
•limited. to  "5*5. cm* - l i n e a r i t y s .. 2$; o f d e flec tio n  or 0*3 mm 
whichever, i s  the; g r e a t e r :over c e n tr a l-40 mm* ,. of 
d e f le c tio n  o f '0*3 mm-- whichever i s ; the g re a te r  when th e : ■ 
pen i s  working in  the outer/ 5 mmf to t a l  d e f le c tio n  being
The paper d rive  is  servo co n tro lled  to -1$ accuracy 
g iv ing  12 speeds' be tween 2.5' mm/m in to  100  .mm/sec*" The '..
:paper wander-.does':n o t ' exceed -  0 .5 ;mm to t a l  deviation*  
There are two markers and a  time sca le  g en e ra to r which 
feeds, the c e n tra l marker capable of marking seconds and 
m in u te s .■ •
i  « 15 Assem bly used  f o r  r e c o r d in g  o f  th e
e le e  fcroryc; •;ram s, e le c  troc ard io  ram, 
and i n t r a -abdom inal p r e ssu r e  and the  
momea t s  of e v e n t s •
D evices pen eeorder V 4 
A8O’ A eria l sw itch in g  u n it
Badio p i l l  r e c e iv e r  
HO Height gauge
?B Table fo r  placement of the l i f t e d  w eight.
' s u p p l ie s  to th e  a m p lifie r  ore d e r iv e d , from  p lu g -in
■ sta b iliser*  .low v o lta g e  a©c© su p p lie s  are taken from t h e .  
transform ers to a -  12 7  v o lta g e  s t a b i l i s e r s , the co n tro l  
:.iihitf ; the d r iv e r  a m p lifie r s  and the pens, v ia  the pen h e a t  
controls®  -
B r e -a m p li f ie r s t
■'I*’'g. ■•' .'D0.-2C"' pre“-a in p lif le r  .is '  a'.'-high. s e n s i t i v i t y  .d'.c* V. 
a m p l i f i e r ’u sed  .w ith' p h y sio lo g ica l-  tran sd ucers© ' : I t  may , 
be u sed b a la n ced  or unbalanced and p r o v id e s a  10 ?  d .c ,  
is o la te d  -bridge. e n e r g is in g  supply© Ihe-maximum current . 
drawn from th is' so u rc e■ should not exceed' 100 m/4© ".Its 
input r e s i s t a n c e ' i s  3ft ohm ©The 5gain® knob provides .a 
f in e  gra in  .con tro l w ith  a r a n g e : of; 2*5 - 5  . l , \a n d  • o ffset®  
g i v e s • - 1 0 0 $  su pp ression  o f  •pen - d e f l e c t i o n , 'in d ep en d en t .. 
o f  . . s e n s i t i v i t y ,  se tt in g ©
2© AC 7 Ce. , P r e -a m p lif ie r - is  a h igh  input impedance,. . ; .
h igh  s e n s i t iv i t y  a©e® coupled .’a m p l i f ie r  p rovid in g  a ch o ice
o f  time con stan ts 0*3, 0*1, 0*03 sec* fo r  use as an
a m p lif ie r  or the fo llo w in g  phono f i l t e r s : -  .
1 (low ) g iv e s  a 6 dB/octave s lo p e  j
IT (medium) g iv e s  a 12 dB/octave s lo p e )  below 600 c*p*s*
)
I! (h igh ) g iv e s  an 18 dB/octave e lop e )
fhe H.P. f i l t e r  provides, a -top cut (low .p ass)  
f i l t e r s  . giving ’• a frequency .response .at the . pen' -which • 
i s  3 ;dB:.down ;a t  10f 25,'.50. end 75.i-'c,#p.s* on B i. The 
Bange. provides.'.a' 6 . position; sw itch , s e le c t in g  s e n s i t i v i t i e s  
betwean 50 p f t /c m  and 2,5'
' S p e c if ic  a t ion s g.
S e n s i t iv i t y  ■ 50 p?/c® a®c* coupled , d i f f e r e n t ia l
-. - in p u t ; :
■:200 /17 in p u t, unbalanced,, f o r  an 
output o f  17*' ■
; Input r e s is ta n c e  5 M ohm 4-5 -M ota"; '
H.F. Response 3 dB down a t  1,5 E e/s a t  the  m eter
- output (n ot a ffe c te d  by the f i l t e r )
• and at input to f in a l  AMIS w ith  ' 
f  i l t e r  .'at :PH* ;.
G CALIBRATION SYSTEM-FOR RADIO PILL:
I. Round ‘bottomed flask A  three mouthed round bottomed
flask was held in the oven by means of a...; heavy bottom stand
and a clamp. All the three mouths were sealed, by rubber bungs.
Description o f .th e  f ig u r e  '
e : 'Assembly- used '.for .the-, c a l ib r a t io n  o f  radio p i l l s
A • '
1J ■ • • • Mercury 'manoiaeter ;
.5* .Thermometer'-''
. 0 Thermostat ic oven- \V '
: AE - .' A er ia l w ire  
. -. ■ FI .P ressu re  tubing  
• ;AS1J. A e r ia l ; s w it c h in g  u n i t  ■
■RPH' Radio , p i l l  rece iver*
R' ■:The I n te r io r -o f - th e  oven showing th e ;p o s it io n  
. ' o f ...the. radio ..p ill during ca lib ra tion .
_V".RF-:- Pound bottomed f la sk  V .
■ 01. - Clamp h old in g  the "flask;
; PT P r e ssu r e 'tubing -leading'into-the f la s k
At A er ia l w ire  
A1 . A er ia l loop
-.fB -.- '.Theansometer'bulb-projecting.'into' the oven  
RB Rubber bung ho ld ing  the wire- basket fo r . the ■ 
■ - rad io ' p i l l  
• Rl5; Radio p i l l  stand ing v e r t ic a l ly * '  v
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me- top , bung am  an inserted . ssetajulic w ire ca rry in g  .e w ire ' 
basket a t  the o th e r  end to  hold the rad io  p i l l  v e r tic a lly #  
•One o f  the  's id e . bungs. had a  hole through which passed a  '• ' 
©mall g la s s  tube* This :g la ss  tube was connected to the. ' 
g la s s  tube at; the ■ to p  of: th e  incubato r by means. o f ■ a rubber 
■tubing* ; She .th ird  mouth was always; kep t sea led  by a t ig h t  .
' f i t t i n g  rubber./bung»: ,:. ;. . ■ '
"£* '■ - : A erial-■' ' I t '  consisted  o f ’ a.- ©ingle - a e r ia l  ■ loop .having 
• 8 s t o -9 rounds"'of.‘a  Wire;' in  the shape, o f a ,square  w ith  ©ides 
©Ik in ches, long*. l id s  loop was arranged- horisont&Xly. a ro u a i 
th e  g la ss  f l a s h  and; th e . two enCo of. the. loop so ldered  to  ■ " 
t h e , c o -a x ia l cab le  hanging from the to p  o f the oven* : 3?ho 
o th e r  and o f the  cable had' '©'co^ax ta l socket*
3# ' ■ SPhvgiaomaBometer bulb ' an t the  manometer
- i»> iiffriTiyrar * *  rfrrrd mrt~*ntfr»rtp nmwuaHffflM''^#prrri«frih.iiii flwutruinnnri i i  f m m i  uni r>« mnwi i f mr/» ^wrnc '■l#~iniji^ «irt>r!ii.i>Tii«iTf#nnrjOrii'n-n!iiinrn>fr'^i»
, A. sphygmomanometer bulb mm. 'Joined by means ' o f  a 
.;pr©8sure .tubing through a  t  p ie c e 'o f  g la s s  to  the g la s s  ' ", 
tu b in g  .connected to  the i n t e r i o r  o f the. • f la s k  a t  one hand 
and . a manometer o f blood, p ressu re  instrum ent on the  o th e r  
- hand,-. By pimping the spliygmomanometer :bulb$ p ressu re  was 
■ ra ise d  in s id e  the  g la s s  f la s k  and I t s  .'magnitude d i r e c t ly  ’ 
-read from ;the nanometer#
n ■ went mmxm omovtm
A. double evenV marking c i r c u i t  was designed# One 
of the marker pens- was concerned w ith  the m arking 'of the  
event o f w eight l i f t i n g  while, the  o th e r  marked' the' beg inning  
o f th e  .f ilm in g  .{figs#. 1 7 . M-B}# .' \
.-■ ■ : fwc.ralumiBiua sh ee ts  { # *  sc 2*) were connected
to g e th e r 'b y  means o f a w ire and one-was' .put on the ground 
f o r  t h e . w eight's: and .-'subject to  stand on and the o th e r  was 
placed on a  ta b le  "2|* h igh  on which the  l i f t e d  w eight was 
' to' be put# fhe to p  aluminium- sh ee t was' fo lded ' along the
Explanation of f  igs* .VI;,-. A' # B «
/u ; Photograph o f 'the event m ark in g .c ircu it 
B*.' \  ''line diagram of event'm arking and f la s h  
. . synchronising ' c ir c u ii  = ■ .
, T . Table'
. ;BB . . Bar and he ll, w eights
',&$■. ■, Ground shee t
TS Table shee t
.’FB. F lash  device
, WS' : Wires going t o .the dipole sw itch  and
the reco rd er ■
B 9 1  battery.-'
- FG Flashgun.;;.
TUT . KfcKurdo/ TUT 3  plug.
L L  /
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I :V I ' N T  M A H K I N C  I ' U i C r n
s id e  of tiie ta b le  ©ad the f ro n t  was: screwed 9 : p u t t in g a  
s t r ip ,  of tim b e r 't n high' and klf wide, a l l  .along the f ro n t  
margin of the ta b le  to  prevent th e  w eights from rolling-'
- down*, fhe . top  aluminium sh ee t was connected to  p in -4, 
of .a MoMurdo TRIP 3 ;plug w hich_corresponds to the marker .,
. .socket on th e  ..side ■ o f - th e  reco rd e r cabinet® Pin. 5- was. 
connected to ' the b a r of the weight by .-.a long lead- an d -te rry  
c l ip .  So long a s : the  weight was in c o n ta c t  w ith  e i th e r  the 
ground shee t o r : the; ta b le  s h e e t■the; c i r c u i t  was-complete 
and, the r ig h t  marker; was w ritin g , in.-;"a' 'S tra ig h t l in e .  - But 
l i f t i n g  the w eight broke, tlia c i r c u i t ,  and marked th e  trace®
■ M as 1 and' 2 o f llcMurdo SfEF 3 plug were' connected' to ';i 
■a d ipo le  sw itch f o r  remote c o n tro l of the  l e f t  hand marker*' :
, fhe o th e r two' terminals.', o f the dipole' sw itch  are'connected  
to a f la s h  device .operated by a 9 ? b a tte ry  o r two' 4*5 -V 
b a tte r ie s *  ' $his f la s h  gun was fix ed  ju s t  beneath' t h e ■ta b le  ■
• on .the s id e  fac in g  the cine-cam era. When'a co n tac t was made 
by. the remote c o n tro l switch- a mark was. produced on, the' 
record onto, one hand and the f la s h  marked th e ; film  nn t h e . . 
other*
j  "- m a m s d m m t  ■ • ; ' '
A wooden- height gauge marked in .centim eter and dec im eter 
in te rv a ls  ■ was' -used'' in  the experim ents*, ■ ' babels were a ttach ed  
to  the gauge to  in d ica te  and record the magnitudes of the  
weights being lifted®  ■
K : SCAI'FObPlIldi
A square sca ffo ld in g  was .-erected' about 12 f e e t  high*
I t  was s ta b i l is e d  by two c ro ss  bars  a t  the  top® Fro© the. 
cen tre  o f the top. a clim bing rope was hanged* Cross b ars  ■ 
could be placed at two .heights at a gap of one and a h a lf  
feet® . fhe n ea re s t convenient he ig h t f o r  p lac ing  th e  b a r  
was chosen fo r  su b je c ts  of varying heights*
ic . m o T o a m m iQ  .
. (1) ' . Agfa Movex Heflex 8 ©© camera type 5142 and
two loading ca sse tte  
(11) A ■ Fyrsmid tripod stand
( i l l ) -  ’fh ree;90O.w Biotoflood hulbs
( iv )  th ree  u n iv e rsa l elamp bulb ho lders
(v) - Blue painted screen. 10* % 12*
Bxotographing was carried out ag a in s t a b lue . '
background.*..
m ’ ; m m w R m m t
Surface e le c tro d e s  have been used f o r  reco rd ing  bo th  
electromyograms and. electrocardiograms*
■ f o r  electromyography SB! low • impedancef non-polarising  
b io p o te n tia l  sk in  e lec tro d es  were employed* ,$hese standard  
B®1® s tic k -o n  e lec tro d es  are  sm all ligh tw eigh t pure ' 
.s i lv e r / s i lv e r  ch lo rid e  electrodes*  <0«9-cm'in'diHmeter* 
th ese  e lec tro d es  have f la t  rim on the  periphery  and © dome'
In  the  © M ile with a-cen tral hole* A very f le x  lb  le  1 ig lit *
TfG insu lated  tinsel'" lead  90 om long i s  .so ld ered to  "the 
electrode ant ‘ the  soldered jo in t encased' in  '-Araldite* •' - .
Electrocardiogram s :were 'recorded by- rectangular-' 
copper wire gauss electrod es two cen tim eter long end one 
•centimeter wide, £ 6 .two o f these were soldered the  sockets ' • 
of press buttons* \$he two leads o f the cab le  were each' •
so ldered  to  a plug .of a p ress  button® fhe screen, o f th e  
cab le was attached'to a banana plug- to .he connected to  
the  e a r th  e lec tro d e  which consisted  o f a gold plated; copper - 
p la te  5 cm# % 3 c©* w ith one end ro lle d  Up; to make’ a 
t ig h t  f i t  accommodation f o r  banana plug#' Shis';was the 
only e a r th  e lec tro d e  used on'the subject*
h : momsmim  fob' ihb
- 1 S e lf  seal* adhesive -discs- -  ;:"£hese are  disposable., 
double adhesive d isc s  fype' 1522 from 3 II Co* ltd *  ' fh e ir . 
outside diam eter l a  0#..9 om and the inside' diameter i s  0*5 cm* 
these  d isc s  provide a-sim ple.technique to  ensure firm  
adhesion of" electrodes on the .suiface*. -th is adhesion can 
stand a considerable pall, which’ minimises the possib ility '', 
o f  .movement -artifacts*;; 'the  ■adhesion' was • fu r th er ' strengthened  
by a p p lica tio n . o f; strong'adhesive slick-on* the to p  o f  the" - 
electrbdesi-
■ Cambridge' ■ e lec tro d e  j e l l y  was employed. to achieve 'a
b e t te r  con tac t between the-, e lse  trod e ' and • the underly ing  
muscle* While the j e l l y  w as'app lied  d ir e c t ly -to  the
e le c t  roc erdiograpliie e lec trodes*  i t  \ m  in je c te d / in to  ; :■ ■.
the;dome ©f;;th e  electrom yographic e lec trode 's  'through the-
c e n tra l  - hole-' ■ o f the dome'; by means o f ; ,e; Bi- syringe*' using 
• B4b blunted;;an f .se rra te d  needles*. .which were ;also ' used to  • 
s c a r i f y .th e '.underlying, horny.;la y e r  o f  • t h e ;epidermis-® .. ; •
o ^  . / "  ; ; ; :
.• fhe .. l e a d s 'o f -two, s e t s :o f -electrom yographic e ls e  t ro d e e : 
and. one s e t  o f -* .e lec tro ca rd io g ra p h ic , e le e  trode a* to g e th e r
w ith ..the . s ix  core cab le  .of the  .loop.- a e r ia ls  w ere:-passed 
th ro u g h ' a 15. cm; long hard rubber /pipe-- w ith ..a; two c e n tim e te r  ■ 
in te r n a l . .d ia m e te r * . £hie um bilicus .-.was .held i n t h e .  
h o r is o n ta l . se c tio n  .of..an . in v e rte d .m e ta llic  £ s t r i p .by ' 
-screwing the two ends- together* She v e r t ic a l  limb was 
turned l ik e  a  hook to. fee anchored in  th e  su b jec ts  trunk*
P ..i; , S H M r I lC T S i-  . ,
v A pair.; o f  ^ sp ina l markers, made o f  ; b a lsa  wood,. ,0*5 cm 
In  0  arc te r , and 2 0 ; cm long-, f ix e d : on a .rectangular, wooden b a se , 
m easuring;:6®,5- cm x ;3 cm* w ere-finally .,used;-to ' rep resen t, - 
perpend icu lars ■ to' the  sk in -a t-th e . po in t  ■ of a t  t  actae.nt * .; 
-Such' markers - were .used f o r  s im ila r  .purpose; by 'B ayisr  Jk?onp \,
& Bumard : (196?):* ..., --■ ... :
ApparafuB' ufeed. In the an a ly s is  -
lu O ine-.projector'. -  ' An " I lfo rd  Elmo ■ 8 usm.. c ine  'p ro je c to r  ■". 
was :■ use 6 * * h lch  lacorporated- slow :and - s in g le  ;frame tra n s p o r t  
systems*:... S ingle frame' analyses-w ere used throughout th e  
p resen t s e r ie s * '
B*. Screen A s o f t  wooden rec tan g le  3 1' x2f
covered with a sheet of white paper and liung on the w all -
was used as a screen  f o r  projection*, . • tracings and measurement 
were made . on w hite paper pinned to th is  hoards
C*..-. ; • • t o d lf  ied-T m tractor A pam per p ro tra c to r  was 
used to  make' angu lar .measurements. o f  the sp in a l markers©
■A pars per a t r i p  sligh tly -. longer than the.- rad iu s  of' the 
p ro tra c to r  c i r c le  and. 1 cm wide was ..taken and a s t r a ig h t  
l in e  .engraved by means o f a sharp  pointed "instrurenfc along , 
the  length© '. Aligning th is  l i n e . with the 90° line, t f  the > 
p ro trac to r^  'a n o th e r 'l in e  ;Was engraved along the width ’of 
th is  a t r i p  over the  d iam eter o f the protractor©  The po in t 
of in te rs e c tio n  o f these  two eng rav ed .lin es  was a ligned  with  
the cen tre  o f the p ro tra c to r ' and f i r e d  to g e th e r by means o f 
a very th in  nail©.' , fh ie  a t r i p  wee them movable along the 
circumference, o f :the protractor' but. was fixed  on the centra©
.... , 7 '  / lOTHODOfiosir :: /  : ' ' " s
’i .  ' _  ^ ■
/ A. ..Beyice1 s.- M4 recoxder. was ;uaed;tfe»oghout the w ork* '
Recordings'were made, a t  2*5 rap/see in  "general* .but a; speed .
: ' . ‘r - - * 
of 5 em/sec. was .used on occasions where, f a r th e r  d e ta i l .
was required# 3?he inpu ts  of the. 1009 MC ( e re c to r  op inae) *
MO (e x te rn a l oblique)* and in tra-abdom inal p re ssu res  -w ere.
connected to  ■ th e  channels X*: 2*- 3$> and 4 fro® the. l e f t .
re sp e c tiv e ly , in  a l l  ;cases* Channels one.* two and; th re e  had ■
.-AC TO p re -a m p lif ie rs . and the fo u r th  channel had a W  20
sub 10 arrangement* .
" She fo llow ing  s e t t in g s  of the p re -am p lif ie rs  o f  the  
v a r i o u s : channels were ■ used*, - 
Channel 1 "•■ : -  Becordlng e lectrocard iogram  ...
P re-am plifier, type A0 70- : 
le v e r  sw itch,. : Record ; '
Cain.". V ariable s u ita b le  to  give n ice s i s e  tra c e
Time co n stan t .. d*.03.;s.ec* ,
H.F* . f i l t e r . ,  . -50 . /
‘.Range : .' y :l*0  mV:
Channel j2 an§ 3 ' Recording electromyogrem from e r e c to r
sp inae ' and e x te rn a l oblique respective ly*
'..E re -a a p lif te r- ty p e  "AC-7C:
. lever*sw itch  - - ■ Eecord ■"
Cain • ;• • . So • ted  to  g e t a t -25 mm d e f le c t io n
on in je c tio n  o f a 50. jiV c a l ib ra t io n  s ig n a l  
' M  f i l t e r  Iff
.Ilf f i l t e r  ■ ■ H i ' ■
Bange 5 0 )i?
Channel 4 ~ He cording in t ra-sb&ominsl press' are
P re -a m p lifie r  type BC 20 -sub 1C 
le v e r  sw itch . Bridge . ;
■ 0-ein Variable according'to th e  need .
O ffset: ' . . . . .  V ariable according to  the need
Range - 2 5 0  m n  Hg* ' ■
■ Damping 'U su a lly 'p o s itio n  1 where th ere . was, no
damping e ffe c ts  . Sometime p o s it io n  2 . 
and ra re ly  p o s itio n  3 was employed.®
P o s itio n  4* 5 and M were nearer used©
fhis- pre-am plifier was balanced  ^using coarse and fine-
controls prior to every experiment i f  i t  had .gone cm : -.•£> V- 
uhbalanced*
fhe'pan-gef©  o f the f i r s t s  second and th ird  channels 
tie re  ad justed  in  .the middle' o f the  channels whereas th a t  
o f the fo u r th  channel was brought to  the. extreme l e f t  hand 
s id e  of the channel*..
2*: • ABRlill* SflfOHlMd t J l l f ' ARB.. RADIO P1BB '■ HBOBIVBB'
CDimected the  a e r ia l  sw itching u n it  to  the p i l l  . 
rece iv er 'v ia  the  c o -a x ia l cable t© the  cable socket bn the  
extreme r ig h t  - on the back panel of 'the re c e iv e r  and s lab  
by .means' o f the ‘power supply cable and the 6 pin  plug on 
the l e f t  o f the receiver, back panel* She th ree  .aerials were 
then  connected to. the  th ree  c o -a x ia l sockets on the  f ro n t  
o f the panel of the sw itching unit*  However* i f . ca lib ra tin g  
a radio . p iU 9 the only. plug, o f the a e r i a l  -was connected to  
any>of the c o -a x ia l sockets o f th e  unit®
.fhe reco rd e r was connected to  the re c e iv e r  by means 
o f a ja c k  plugged In to  a socket on . the f ro n t  of the re c e iv e r  
la b e l le d  output* ' fhe re c e iv e r  was then  'connected to  e 
230-250 ■? 50 e /s  mains' o u t le t  and th e  -receiver switched on*- 
.fhe i f  gain  imob'was. tu rn ed .u p  about f : o f I t s  trav e l*  .fhe ' 
audio' frequency g a in  c o n tro l a ls o 'r e g u la te s  the volume o f 
the  loudspeaker*. . .When the s e t  ,.was properly viarraed up* a ' 
continuous'-buss was heart!$ in d ic a tin g  - th a t the  a e r ia l  
sw itching-.unit;w as operating* ' ; .
-the a p p ro p ria te ' band (Band A) . f o r  th e  p i l l  was se lec ted  
by the band s e le c to r  and tuned into,., the p i l l  signal© When " 
properly  tuned to th e  p i l l ,  _ the buss gave way to  a continuous
high p itched  note*
" U s in g th e  ; sc a le  l e n g th . c o n tro l ' an app ro p ria te  s ig n a l  
sweep (u su a lly  .25) was se lec te d  and the  'tuning control was 
ad justed  .t o ;a p o in t p as t the n u ll  point.w here the  p i l l  s ig n a l ' 
was only ju s t  audible* fhe s e n s it iv ity  c o n tro l  (BF g a in ) ' 
determ ines. the.'.Input. s e n s it iv ity  o f the  receiver--and can be 
a lte re d  w ith o u t. a f fe c tin g  the c a lib ra tio n *  - In  p ra c tic e  th e  
best se tt in g  waa found to be betseen th e  f rd  o f th e  tra v e l  
o f..the knob. and- the  .maximum gain®. However*'.I f  t h e ; s e n s i t iv i ty  
was turned right up interference was picked . up* and i f  i t  
was se t.,too  low. th e  ..effective range o f th e  p i l l  was i n i t i a l l y  ; 
shortened .and w ith fu r th e r  -reduction th e  s ig n a l disappeared* 
-Ideally, the rad io  frequency gain should be s e t  in  such a way; 
th a t  w hen'the p i l l  -moves out of .range the recorder, s ty lu s  
i s  deflected.-downwards*
fhe readlug o f the s ig n a l s tre n g th  in d ic a to r  i s  o f 
use as a rough guide to s ig n a l s tre n g th  only . With the 
reco rd e r connected v ia  the jack* the  rad io  p i l l  was then 
c a lib ra te d .
3. RADIO HDD*
Maintenance -  fhe p ressure diaphragm of a rad io  
f i l l  i s  extrem ely f r a g i le  and was th e re fo re  handled only 
by i t s  c e n tra l  boss* fhe handling was done w ith  tw eezers 
made from f le x ib le  cardboard.
fhe p i l l s  Were d ism antled , cleaned and reassembled 
as fo llo w s i
1. Unscrew the b a t te ry  cap.
2. Remove the rubber #0 # s e a l from the cap w ith  a need le .
3* Unscrew the perspex diaphragm re ta in in g  r in g .
4. L i f t  out the diaphragm sea lin g  r in g  w ith  a need le .
5. L if t the  diaphragm out by i t s  c e n tr a l  b o ss .
6. S te r i l i s e  the dism antled rad io  p i l l  in  5$ H ib itane 
so lu tio n  overn igh t.
7. Unscrew the f e r r i t e  d isc  from the diaphragm.
8. Clean the p a r ts  in  s p i r i t ,  fhe diaphragm was cleaned 
by g en tle  brushing w ith  a d e lic a te  camel ha ired  b ru sh .
9. Clean the co n tac tin g  b a tte ry  su rfaces  w ith  f in e  emery 
and p lace the b a t te iy  in  the b a t te ry  chainber w ith
• c e n tre  pole inwards. ■
10. F i t  the b a t te ry  cap se a lin g  r in g  a f t e r  g reasin g  i t
w ith  high vacuum s il ic o n e  g rease . Crease the cap th read s  
w ith  th i s  g rease . Screw the  cap home u n t i l  the  body 
se a lin g  ring  b u tts  ag a in s t the p i l l  body.
' IX* In je c t  the- s i l ic o n e  :grease in to  the.' threaded boss
'on th e  diaphragm and screw the. f e r r i t e  d isc  f u l ly  
.into th e  boas* ■; ■
12* In s e r t  the dtapgragm in to  the  p i l l ' u n t i l , i t  r e s e ts  -
. on. its/..locating ledge.'
13* "Ureaae and. f i t  the  'rubber l Ol s e a l  ring  above 'th e  -'
- .diaphragm* ■
14*' Urease the th reads o f the diaphragm re ta in in g  r in g
'■ and .-screw in to  the p i l l  u n t i l  the diaphragm was ,, 
.clamped, in  position*. Only a l ig h t  clamping p ressu re  
_ was necessary , r e s u l t in g  in  a ’ s l ig h t ,v is ib le ,  f la t te n in g  
, of- the  * 0* s e a l  -as seen through the  s id e  of the  p i l l*  -. 
15* Allow the p i l l  to  run f o r  a t  l e a s t  one hour befo re
- . adjustm ent to allow the  b a t te ry  vo ltage  to  s ta b i l is e *
te s t in g  and:'Calibrations ■ . : .
- S te r i l i s e d ,  cleaned ; and- s ta b i l i s e d 'r a d io  p i l l s  were ' : 
t e s t e d 'f o r  f uhcttonihg and c a lib ra te d  f o r  their'responses  
against- known pressures* ’ ■ She' temperature o f the  oven used 
in  ■ the ca lib ra tion  a c t up,was' adjusted ' to  37°C - and allowed • 
to. stand a t  th is  'le v e l continuously*' Bach time b e fo re , ■ 
during  :and •' a f t e r  th e ■ c a lib ra tio n  of a ::rad io  '"p ill the'; 
temperature o f the oven was checked.' fhe .rad io  p i l l  to  :' 
be C alib ra ted  vies'placed in  the m e ta llic  w ire b aske t w ithin'; 
■the round: bottomed f la s h  -hanging i n . the- oven* .. A ll ‘ th e  th re e  ■ 
rubber bungs' were .checl£e&\ f o r  'leaks* .■ A fte r making: neeessery : 
adjustm ents in  the recorder .end the p re -a m p lif ie r  and. . 
s e t t i n g : up the radio, p i l l  .receiver, and,- the ■ a e r ia l  sw itch ing
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mult the. reco rd er was aw itched  on?. -  While the paper'was 
running the .p ressu re  in  the .round .h o t tomecl f la s k  w as. „■• 
increased  by •pimping a i r  by • the eg^^om ano ine ter. bulh. in  
s tep s  o f 10 'mm Ifg®,Depending on. ,the> a n tic ip a tio n  of .the! . 
le v e l  o f p ressu re  g en era tio n  in  su b je c ts  the c a lib ra t io n  
was done fro® 100 to  150 mm Mg* -She .ac tu a l p ressu re ' 
generated in  the g la s s  f la s h  .was re a d : l a  tlie laercrai^- .maiioioe'ter 
employed*: If. the response,,was., l in e a r , the  experiment -was 
proceeded with* i f  no t adjustm ents were made la  the gain  o f 
reco rd e r? ' BP gain  .and sca le  le n g th .o f  the rad io ’ p il l /"  ' 
re c e iv e r  and the t ig h tn e s s  o f the diaphragm of the pill®  /  
Screwing in  of, the  c e n tr a l  screw. In, the  boss' in c reases  the  
lin e a r i ty *  though i t  decreases, the s e n s it iv ity *  A s u i ta b le  
compromise between these, two c h a ra c te r is t ic s  was obtained ’■;* 
f o r  r e l ia b le  re su lts*  Once c a lib ra te d  the p i l l  was t t i e d  
w ith in •the  t e a t  of a condom eheath  and re tes ted *  fhe 
c a l ib ra t io n  curves o f soma of the p i l l s  a re  shown in  the 
f  igflros* ■
An a ttem pt jbo. study, th e  response v a r ia t io n  o f the radio.,- 
.p i l ls  to. -the. changes In  t h e . tem perature w ith in  p h y s io lo g ic a l 
l im its  was ho t mate ‘due to. the fo llow ing  reasons*-. • ■
1* fhe.body tem perature o f the. su b je c ts  perform ing the •• 
e x e rc ise s  was not expected to  remain co n stan t throughout .. • 
the a c tiv ity *  As such* even if - th e 'te m p e ra tu re  responses 
were* known? c o rre c tio n  f o r  th is ,  f a c to r  w i l l  he im possible
-to apply* ■ ■ - ■
2* v : Oenerally the 'rad io  p i l l s  .are .--accurate -to ,10$ ; 
w ith in 'th e  range ; ,o f 3 5 ° - to '38*3gc* :
3* fho tem perature c o e f f ic ie n t  of.' the  tra n sd u c e r . s h if t s  ' 
s l ig h t ly  negative  whereas th s', -.temperature-. c o e f f ic ie n t  of  
..the -transm itter goes s l ig h t ly  .p ositive  with, r is e ' in  /
. temperature* Shea© two fa c to rs  tend; to  can ce l each o th e r  out*
4# ’• ; F or'm echan ica l'analyses o f  th e . .physical ^ activ ities
;investigated  the; abso lu te  p ressu re  was - not ■ e sse n tia l*  •th e ,' 
r e la t iv e  pressure, change being the. im portant :factor*;;
: . fhe 'base  l i n e  d r i f t  o f /th e . rad io  p i l l  response/was
also  ignofed*.: "Such :d r i f t s  hould he caused due to  two 
reasons*'/ 'f i r s t*  f a l l  in ' th e 'b a t te iy  voltage cau sing • a 
change in  the c irc u it-  condition* .and secondly* d u e :to  the  ■' 
a l te r a t io n  in  the m echanical -properties o f 'th e  rad io  - p ill®  ;■ / 
According' to  . the manufacturer*s s p e c if ic a t io n * ■a base - l in e  
d r i f t  o f  • 0*:-25$'; o f  'the .Operating .frequency may.occur between 
the th ird :'and the -for tie th  .hour o f operation* • Since the  
entire-, experiment took - about -, one .and . a,: h a l f : to  two . hours 
a - s ig n if ic a n t lo s s  - o f.-b a tte ry  v o ltag e  was - extremely, un like ly*  
-fhe -mechanical' p rop erties; ..of'. a 'radio p i l l '  are  ■ a lso  .u n lik e ly  . 
to'/change w ith in  a-/couple of. hours a f t e r  c a lib ra tio n *  
esp ec ia lly  when they were sealed  in  a f lu id  t ig h t  compartment 
contain ing: air*." -fhe p i l l  components do -not come in  d irec t '/..... 
co n tac t/w ith  the i n t e s t in a l  contents* . . .
4* of m% m u m  stiBfmt
' Since the p i l l  i s  radiating- a p u re ly  magnetic f ie ld * ' 
fhe reception/must-- be made by means o f an inductive  a e r ia lv - -----
e i th e r  a loop o r a c o l l  wound on f e r r i t e .  Connel and 
: Howlands ( i 9 6 0 ) used u n id ire c tio n a l f e r r i t e  rod a e r ia ls  
and observed th a t  some ;of the p ressu re  record ings made* , . ' / ' :  
dropped tr a n s ie n t ly  below . th e : base !line*-.’ fhey ; found 
b y  seeing the p i l l  rad i.o lo g iea lly  th a t  t h i s  lo ss  of co n tac t 
/coincided with, c e r ta in  movements -of Yth© -radio: f i l l *  '
■ p articu larly  ...when ;i t  spun on i t s  /axis*'. . .'Similar' sudden 
lo ss  o f ; con tac t ?ms encountered during  the i n i t i a l  s tag es  
'"O fthe • p r e s e n t in v e s t ig a t io n ‘ when • s e l f  , made f e r r i t e  rod 
a e r ia l ' was: employed' fo r / th e  'pick' up* / With' r e o r ie n ta t io n  o f 
th i s  f e r r i t e  "aeria l the 's ig n a l was1 recaptured;/ ' However*' . 
" th is  disappearance ’of' the tra c e  a t ' i r r e g u l a r ' i n t e r v a l s  
/sp o iled  th e  'experinientSo
fhe f ie ld .-o f  transm ission  of a "radio p i l l  resem bles 
th a t  of a magnetic b a r  w ith  i t s  l in e s  of fo rce  and s in ce  i t s  
transm ission  s tre n g th  varies- d i r e c t  to n a lly  and fo llow s the  ' 
inverse  cube law* 'coupling to the  '-pick up: may pose problems* 
O ccasionally  the s ig n a l s tre n g th  may f a l l  to  a le v e l  
inadequate to  d rive  the receiver*  Th&so co n sid e ra tio n s  
-Weighed' heav ily  'aga i iB t -' such an a e r ia l ' system and an/ 
oinni&Irectioh a e r ia l  was sought,' :
On'the suggestion  of Mr. H-.S* Wolff ahd Mr, Callam .
.of the  M edical Besearch Council* Biomedical /Engineering 
Department* London* . an omnidirection a e r ia l  contained in  a 
5n wide canvas, b e l t  was made.- I t  consisted  o f 6 to  7 
h o riz o n ta l lo o p s ;a t  r ig h t  angles t o . the body. ■k. system of 
two sm all loops about 5 n square was arranged at r ig h t  ang les 
to  the f r o n ta l  and .s a g i t t a l  planes* J?hese fo u r loops were
held i s  p o s itio n  l a  fo u r  pockets mvm on the  canvas be lt*
A ll - the th ree  systems o f the loops were so ldered  to  s i s  ; 
core cab le  a t  one end ’and th re e  co ^ ax ia l plugs a t  the other# 
Such a e r ia l?  though sound. th e o re tic a lly *  fa i le d  to  p ick  up 
signals" from the p i l l  continuously  end as  such search ing  
of the a e r i a l  sw itch ing  u n it  was recorded sp o ilin g  the trace* 
I t  woe thought th a t  the s a g i t t a l  and f r o n ta l  plane loops 
were too sm all and; the  l in e s  ©f fo rc e  o f  th e  rad io  p i l l  
may not he ab le to  th read  them*
Under these  circum stances the  M ea l s e t  up would he 
b ig g er loops' placed c lo se ly  round the* body in  a l l  the  th ree  
p lanes so th a t  the eMomen occupies th e  cen tre  of each o f the 
loops# Tills w ill ' ensure the b e s t th read ing  o f the  loops by 
tran sm itted  s ig n a ls  thus enabling  to  record  m  u n in te rru p ted  
pressure, trace# . ■ For .d e sc rip tio n  o f th i s  a e r i a l  see  p#,:
Tm  arrangements o f these  loops around the  s u b je c t 's  body - 
were employed w ithout s ig n if ic a n t  d iffe re n c e  between them#.
I n  the  f i r s t  Instance a loop’ was p laced round the w aist?
: another, loop hanging from one o f th e . shoulders on the .same 
Bide? and' the  'th i rd  'one' strapped  in  a re c ta n g u la r  shape a t  
the heels*.. In the. second, system on© ©f the  loops. .was 
h o riz o n ta l around the  walet. ae in  the  previous system and, 
th e ’ o th e r  two were worn in  a c r i s s  c ro ss  fa sh io n  from the 
two shoulders# ,.
These a e r i a l  loops, were colour, coded*-and th e ■ so ldered  
jo in ts  made r ig id  and p ro tec ted  by means o f adhesive tapes* ■ 
Before each experiment the  c o n tin u ity  o f c i r c u i t  of each 
loop was ■ te s te d  by an AW m eter and th e  p o s s ib i l i ty  o f a dry  
jo in t  ru led ,ou t#  .
a m m m  m
r /:; ' o f  r ' ■ ■ ■ :
X *’;-, SffiEOflOI OF.SXfBS : _
^.'■.'Subjects wore ..plimsoXa* /.M alesvwere a t t i r e d  i n /.-. 
swimming to u  rites' ,©ud fem ales :i a  b ik in is * t- . ;,Iach; was se a te d  
.^upright .on:-a 'stool •an d th e ; tw e l f th 'r i b ;was' palpated:,by.
■ toward p ressu re  -.of .the recu rred  f in g e rs  of both; hands .in  
the back*. .f ills  r ib  was followed to  the  sp ine v t l  ike  
tw e lf th  th o ra c ic  v e r te b ra l  spinous, process .marked*; • fhe 
.su b jec ts  were then  ashed' to  lean  forw ards on a low'.-.table 
'to/ f le x  th e  sp ine f u l ly  and" the' lo o a tio n  o f the. marker was
.confirmed® While the  su b jec ts  remained flex ed  the spinous, 
process of. the f i r s t  .s a c ra l .v e r te b ra  was .palpated- and 
: marked w ith Ink*
. 'fhe most .-prominent p o s itio n  o f  -the., .e rec to r .sp lnae .in  . 
the  .region .of ;tke -.second, and .th ird , lum bar.,vertebrae- was 
--inspacted. and.-the ;uppe3?-and .lower l im i t s ; marked i n : ink*.
; ■ fh e . s u b je c t 'was. then  , asked • to-. g e t , up a n d th e  . l a t e r a l . , ,
.. abdominal © action :.was.,palpated to  d.etermiae, th e  a rea  w ith  • • •
: . l e a s t ;subcutaneous fa t*  • ■ Stile observation;,w as" f a c i l i t a t e d  .
■ a t 't im e s  by. as k in g 'th e  stsbjeet- to  kypereztead* ., fhe .'Selected.. 
region;w as -sim ilarly . market! w ith  © few -dots o f ink*. She • 
.upper end of the sternum  and the - s i x t h ' in te r c o s ta l  space
on. the l e f t  s id e  below the n ipp le  were chosen f o r  placement 
.of. the  two e lec tro card io g rap h ic  e le o tra d e s» the l e f t  shoulder 
being u s e d 'fo r  .the e a r th  electrode* A ll the  s i t e s  were 
chosen on th e  l e f t  so as no t to in te r f e re  w ith  photography
which:.was done from, the  r ig h t  of th e 'su b je c t*
Preparation, o f the  s k in s ' . ’ ;■;'/,,, ;/
fh e  se le c te d  a reas were shaved, and - v ig o ro u s ly . 3?ubbed ■ 
w ith 'c o tto n  ,wool soaked in  acetone 't o  allow-good adhesion - 
o f the  e lec tro d es  am!, to  reduce sk in  res is tan ce*  '
. '.Using d iv id e r s ?. two,.marks - .were' made ,4 - cm apart., v e r t i c a l ly  
above .each, .o ther over the. .g re a te s t prominence. of, e re c to r  
splnae a t  the  /second- and. .th ird  lumbar .levels#; '. S im ila r marks 
were' made on the e x te rn a l oblique -, muscle's / f o r  a l l  e x e rc is e s ; 
except loading -. in  s t a t i c  posture* / - fo r ; tlie ■ l a t t e r , e r e c to r .. 
•spinae ( f  12. le v e l)  was .chosen Instead#. - C irc le s  determ ining  . 
/the p re c ise  poo ltiona  o f . t h e .e lec tro d e  .placement were then  
drawn on th e  stein? - and fhe e le c tro d e s  were th en .p laced  i n  ■ 
position*.. ■ .
Placement of the e le c tro d e s r  ': . : ^ ■
t tW H ^'Jarw .in 'iw iim r j* «r»CTtji<Mi!caal!»«aaLa»>n<w»CTwriniiii»iw< tuncmamuvactom*
' fh e 'd ry  e lec tro d es?  'p re v io u s ly  te s te d  f o r : the c o n tin u ity  
o f / th e ' lead  and thoroughly cleaned f i l th  acetone* w ere/pressed  ■ 
f irm ly  to  ‘ th e '' ad h es iv e■disc*" ‘ fhe 'raa fte r?  in je c te d  the'- ' 
e le c tro d e /1 je H y 'f i l l in g . ,  the;domed e le c tro d e ' u s in g .'th e • sy rin g e / 
.an d /lig h tly  'p ress in g  ''w hilst ''ro tating- ..the sy ringe  --and b lu n t 
s e rra te d  needle* ■ /S h is’ sca rified '  th e  . skih./and took ' a b i t  -of 
e le c tro d e  'j e l ly  in  th e  sk in /sco re ' o f  uniform e ls e  making 
;a good:e le c t r i c a l  con tac t between the  t is s u e  and the  
-electrode v ia  -.the e lec tro d e  je lly *  / Any e x tra  e le c tro d e  j e l l y  . 
coming, o u t o f th e /h o le  ••in. the- dome o f the  .electrode- was ? ~ ’
ca re fu lly , wiped# / -The e lec tro d e  and . a / b i t  o f i t s  -.flexible
Explanation o f : the f ig u re  o f prepared .subject-' 
Fig* xB ..Photograph, showing a, prepared .,subject«
HGr Height gauge ' .-
A & ■ ■ 'A erial, lo o p s ..
EL-j E lec trocarstog rap liic  e lec tro d es
W»2 ■ . :'B leetrom yegrafhic ..electrodes fo r
e x te rn a l ob licpe  '
I b j  .■ ■" E lectrouyograitiic  e lec tro d es  fo r  
e re c to r  epioae '
SF Spinal m arker#. :

lead  was- strapped on by -a p iece o f sleek: (about 2 cm x .3*5 cm) 
to  provide a d d itio n a l s tre n g th  of .attachment#. . ih u ef . t h i s  .;/
, t r ip le ,  .-adhesion?one :o f-th e ' 1 s e l f  sea l*  d isc?  the o th e r  of- 
s leek  strapping■ and ' th e ; th ird  of.: th e ; anchorage; ■ of the-' ■; um bilicus
p ro v id e d 'a d e fu a te 'r ig id i ty ; to' reduce' the  'movement a r t  i f  so ts ' ■
/ ... >■
to  a Binimm*; . Shis was e s s e n t ia l  as/soma- o f- th e  exercises '' ■ 
involved g ross movement.'of the /trunk#, '/fhe e lec troca id iograp iie
e lec tro d es  w ere-pasted-w ith  e lec tro d e  j e l l y  -and- applied /to  
•/the. sk in  and strapped  - iM e d ia te ly  ;by .means of-sleek.# A 
■Farther.p la s te r  was a lso  applied  over/-,the--lead o f these. ■ 
e lec tro d es  to  hold them fa s t#  fhe e a r th  electrode, which 
is  ;goM p la te d  and-shallow grooved.was strapped  on-.the. l e f t  
shou lder by -means ; o f two long s t r i p s  o f ' s leek  - a f  t e r  a p p lic a tio n  
■of .the e le c tro d e -Je lly *  /  . .-!!i;
Subcutaneous f a t  variab ility /an d  movement- a r tI f acts .// . -
; One of the - m ajo r-v a riab les  - o f surface electromyography ’-/
-is the amount of subcutaneous■ f a t  in  the a rea  of in te re s t*  ■;./■'■.... 
• fh is  lead© ; to : - a  : reduction ' i n ; recorded- p o te n t ia l  v o ltag e  » .-•
In; a s ta tic /p o s tu re .:th e 'a m p litu d e  o f the  muscle -p oten tia ls .
; recorded is  not a f fe c te d ' and' the record  w ill-  provide a /' 
r e l ia b le  measure -:of. .r e la tiv e  ■ a c t iv i ty  - at various ' tim es.;
•In a d y a d ic  /movement* 'however?' i t  is- l ik e ly ,  th a t  due -to- • 
the fo ld in g  or, s tre tc h in g  -of the  -skin and accumulation or  
spreading- o f :the  f a t  the- su rfa c e  voltages- may change*..
Floyd ■ and. 'S ilv er (1955) ■ studying -the ro le  :©f the - ©restores / 
sp inae during  f le x io n  and extension  w ith  su rface  e le c tro d e s
andvoonfimatQKy needle -e lectrodes found.'-that su rface  
e lec tro d es  were adequate to  p ick -up-the -p o ten tia ls , t i l l .  . .- 
th e  end# ' l i t  th e i r 's tu d y  s ile n c e  o f ’ the' muscle as reco d ed ; .
':by. ■ tfe; surface', e le c tro d e s : .-was f s l tM ti l ly - r e f le e te d  b y -■ t h e : -:. 
needle-'.eleO'trDtee#' U nw illingness o f  th e  subjects- to  ,. - -
v o lu n tee r - f  oiv the / a p p lle a tio n : o f n e e d le  - e lse  trod e.s ■ was 
ano ther co n eM era tio n  -%n the use of su rface  -electrodes*
She -subcutaneous f a t  a lso  renders the  s k in  loose over 
the m uscleand-m ay be-a  cause' o f  movement ‘a r t i f a c t s # ; However? 
such a r t i f l c a t s  were su ccessfu lly . ©vbided'' in  the- $>rer,cri& ;
study due to  a p p lic a tio n  of e le c tro d e s /in  a conducive 
posture and - thorough p repara tion ' of' th e :;sk in : befo re  the- 
placement :o f the-'electrodee*"/ ' ' v-/ 1 ‘ : -
Spinal- markers-'ami, a e r ia l s  $ - ; :-
' A fte r' placem ent; end • s trap p in g  'o f • the'- e le c tro d e s  . the  
sp in a l markers'- w aste 'positioned over .th e -.-firs t ■ lumbar .and - 
f i r s t - s a c r a l  -spinoua-processes# -  With the .su b jec t flexed?-,; 
the len g th  .o f the  re c ta n g u la r  'base • o f th e  marker wee arranged 
in ,th e - lo n g ;a r ia  of- th e  sp ine w ith '.i ts - :cen tre  ;above th e , , 
spinous p rocess o f the  "particu la r"  verteb ra*  - fwo -s tr ip s  o f ' 
long 'adhesive  s le e k  were-employed -to s trap - the  • marker?, .one 
each above and• below -the;spinous 'p rocess lev e l?  f irm ly ,w ith , 
eq u a l.p re ssu re  on b o th  s id es’? to  ensure -that- the : marker. ;pin 
.remained -perpendicular to  the.- skin-: surface- throughout th e  • 
dyneiaic anthropom etric .'measu.reiBeat*;: -.
- ' 2Tne su b jec t. was then  'asked”: to  ‘s te p - in to  one o f th e
a e r i a l  loops- which was brought to w a is t le v e l  .and strap p ed
e t  /©everni' p laces on the" s k in  to  keep ;'it . as c lo se  ter- 
’ th e  abdominal su rfso  e ; as ; pos s ib le « Wm placement o f the 
other,' two . loops was' 'variab le* ' : 'In one ■ s e t  • o f  experiment© \ 
-.one loop ?ms M ag from 'the : l e f t  shoulder and strapped  a t  '
t h e . shou lder and a; few ■ p laces ‘on the • th o rax 9 aMornon and 
/back*, - fhe o th e r/lo o p  'was s trapped  on the- h ack ' as a  -
■ re c tan g le  ■ o u t l in i i ^ - th e : haefc up-to -well below th e ; w a is tlin e*  
M ultiple- s trap p in g  ' was employed to  're ta in  th is /lo o p  in  v
■ p o s itio n . In  o th e r  s e ts  o f  experim ents these  two s e r i a l s  
■'Were worn as .cross belts*
/ A d m in is tra tio n . and recovery .of the  p i l l s
•. the  su b jec t was given a c a lib ra te d  rad io  p i l l  enclosed 
in  a  condom t e a t  and' m aintained in  th e  -incubator a t  37°o 
where ca lib ra ted *  ■ fhe p i l l '  was pOLaced a t  the back .of th e  . 
tongue- and swallowed w ith  the h e lp  o f  a. g la s s  o f d rin k in g  
w ater ■ a l s o . kept . in  the wrne w e n . o v e rn ig h t' for. tem perature 
s t a b i l i s a t io n ,  fh ie  method ensured minimum tem perature' 
change o f  the  rad io  p i l l  from the 'even to  adm in istra tion*  
lie d r i f t ,  was -found l a t e r  d u rin g  record ing  in  any ^p e rim en t#
' .Bach .subject was . issued - w ith  fo u r' black and opaque \ 
polythene . bag© 1 8 « x 3 0 « and was asked to  d e faecste  in to  
the so- a f te r ;  the  experiment* fhe faeces-w as palpated  through 
the/: s o f t  polythene* an d 'th e  presence o f, t h e - p i l l  d e te c te d * - 
Once recovered t the p i l l  was washed with tap w atery ' wrapped 
in -a /p iece  of. co tto n  wool and dropped i n  a v ia l  co n ta in in g  
' 0*5^ . H lb itaae  so lu tio n /in  ethanol* -
dii re tu rn  to  the • lab o ra to ry  -tbs bond obi t e a t  was 
ou t and' the b a t te ry  unloaded^ flie s il ic o n e -g re a se ' was •■ 
wiped .'by- means o f t is su e  from • t h e ' th ro a ts * ' • 'Any rem aining 
gx*ease mm c a re fu lly  scraped :ou t by means of a 'needle* ■ ; 
fhe b a tte ry  co n tac ts  were tborougla% cleaned b f  means ’o f m 
b rush dipped :in ' ©looko! and 'wiping-wi^h'-.tiebuo• paper0 ; fh# 
p i l l  was-'dismantled’ and " th e ' rubber *0* s e a l s ■ add the .-rim  • ’ 
o f the diaphragm' cleaned '%■■ means' 6 f  a camel, h a ir  b ra sh  • -
soaked tii; i th in o l*  : th e  d isiksn tied  - and • cleaned .- rad io  : p i l l  
was allowed to  etoad in  0*5$ "Eibltaae overn igh t .for' 
s t e r i l i s a t i o n  before' reassem bling ;. and. -calibrating*.. • ■
Sometimes the- fro&ue.ncy o f ’ th e  transm ission  was' found 
to-have a l te re d  due to  v a r ia t io n  in  th e 'p o t  core gap from' 
a c c id e n ta l tu rn in g  o f the frequency c o n tro l ecrm* mo 
■attention was paid to  th is  change in  th e  tran sm ission  
c h a ra c te r is t ic  so long as the l i n e a r i ty  of th e  response was 
U naffected* ' which was u su a lly  the • case * •
S ub jects were placed in  a- s tandard  p o s itio n  in 'r e l a t i o n  
to  t h e  ta b le  where the l i f t e d  w eights were to  be placed*, 
fhe .ground aluminium sh ee t was always, kept in  co n tac t w ith  • 
th e  leg s  o f the  ta b le  * ’ The su b je c ts  f e e t  le y  25 cm. from 
the ta b le  * toe in g  a l in e  in sc rib ed  on the aluminium* fh ro e  
photoflood lamp; were l i t  (two ..at the back end 'one, in  f ro n t)  
and the • Agfa Mover ,Eeflesc caster© f i t t e d  w ith  a . s h u t te r  cab le  
r e le a s e 'f i r e d  on e - tr ip o d  s ta n d -a t-20 f e e t  d is ta n c e ■ from '; . 
the su b jec t and opinal; markers sh a rp ly  focussed® The d ip o le
sw itch o f the remote marker was.screwed on m bench near 
the camera* Every time the. -camera was . loaded i t s  mechanism 
was f u l ly  wound to  ensure a uniform speed o f frame tra n sp o r t - 
during  filming® Each time the  su b je c t was:, ordered' to 
s t a r t  the a c t iv i ty  th e  remote marking sw itc h ' was • sw itched . 
on and o f f  'while • the film  was' running a t  'a  • speed o f . 8 frames 
p er second to  'record s a g i t t a l  m o b ility  o f the sp ine  in  a 
prof lie®- B ile marker marked the c h a r t of the pen reco rd e r •• 
and a lso  f la sh e d ’ a bulb sim ultaneously  marking the  frame 
of the film® Counting e ig h t frames f o r  each ' second on film  
a n d th e ' second marks on the  t r a c e f; th e :c h e r t  and. f i t e  were 
synchronised * Another device made and a ttached  t o '. t h e ' camera 
f o r  making marks synchronous w ith  the s h u tte r  opening on. 
the c h a r t was abandoned - due to  th e ' low frequency response 
o f the reco rd er (70 c /s)*  The event o f l i f t i n g  up the . 
v^eight sM p u ttin g  down again  were being marked s e p a r a te ly . 
on the  chart® , Such a synchron isa tion  o f . the  two media 
'provided a-more r e l i a b l e ..a n a ly s is  o f .the  results®  ...The-. 
in te re s tin g , phase - of a c t iv i ty  on th e  ■ c h a r t  could e a s i ly  be" 
located, on th e  film  and th e  sp in a l postu re , and g en e ra l ; ' 
o r ie n ta t io n  o f t h e •trunk- no ted*•
E x e r c i s e s 5  •
Bach su b je c t was issued  w ith  a -copy of ■ inform ation  about 
the  rad io  p i l l*  in s tru c tio n s  f o r  i t s  recovery# and a-schedule., 
fo r  .the performance of the  .exercises* A p a ir  o f rubber g loves 
were is s u e d . in. the la b o ra to ry . so th a t '. th e . su b je c ts  could 
handle m e ta llic  w eights w ithout, extraneous noise on the record.*
> -SABIiE -OF OULJFOES, {IMMS)
Subject r-nx* :- ■' •; M® - ' Weight ■ • "Height ■
lumber ' ■ Teara ' :" %»■'. ■ :"\'1 ■ eta# - ■
X SO y rs 58,0 166.4
2 ' se'- "  ' 92.9 ' i 8 i .6
, 3 . m . ' 29 ; : ' .'67 ,i 170.2
' "4 0 1 . ' 19 .■'60,3 170
5 " 23 70.7 188
6 ; ’ : 21 55*8 ■ ■ 182  '
7 v  ■ ^ ' 22 73.0 1 8 3
'■ 0 28  ; 82*5 ' 183
' 9' 22 58.7 ’ 165.7
10  : ;■■ ■ m v' :4 28 77.1 165
11 ■ -■ : m  ■■ ;'■ ';■ ■ 15 64.4 177.8
12 ; ' ' 21 73 1 8 1 ,6
13 HB-;. ■; 23 : 80,3 175.3
.14 :' ■ ■ 'HB ■' ; 21 ' ;7B.4 : 1 7 8
15 . V- HH '- -':' ' 19 73 : ' : 179
'U y ’\K r.; " 22 ' 54 ' 170
1? " '■ '"SB - 30 io: ' ' 170 .
18 •
. ■ • . ;
, 24 63.5 1 6 7 .6
19 ■ ' 20 57.2 170.2
20  '■ ■ 24 68 172.7
21  : " ks / ■ 32 80,7 ISO. 3
22  -' . 00 ’: 18 ' 5 8 . ■■'. "■ 171.5
23' ' ' . M  \ ' '■ 23 ': ’  ^ ■-iy ; 179 ;
24 ■• . '"Hr: '20 ''60*3 ■■ 1 8 0
c o n tin u e d * * *
ales continues.
Subject' .;' r^  
Iumber: '
Age
yrs®
le ig h t
; :sg *  •
Height,
■ -CTO*
25 ■'■; BH ■ 23 ■ y;;-7 0 . 2 170*2
:2!6 V. BC y :-;24: y ;. .;y 'm 4 .,y :;.; . ■"177*8
27 ’^ si.-V'' \ ' 20' ' ' 74*4 ;;i&3*5
.28 :' " - m \ • /2 0  :: ■ ' y??*! y v 18^*4
29 ' m y 28 ■ : y- y .sM.y y 178*5
30 y---'- 2 3 y  96*r y ;19'3
31 ." ' ; -wi y: ■ ' ' 33 '■ V \ . ■ v/XSS; -
32 ,■ W \ - '  ^ 21 : " v: " 7 0 4 T " ‘ 179 ;
-  \, 5ABES "'13-' : . : • ,.
SABIS OP SUBJECTS ^.(FHJAISS)
S ubject roae 
Suraber ooae
Age
years Weight ; .K&* ;
H eight
cm.
1 BE ;■■ ■; / • ; ,24 V :61*6; • 162 :■
2 , ■■■■■.: 4  33 - 4/57*6 - ' ■ 160
3 ■; y:i.®?y • /. 4. 21 ' ' 4 i .2  y =: • 160
4. •,. ■ : = ■ ;1S; y'- 27 / / /61.7 // '160*4
9 . y - m :y ■;y : 2o. ;• :,y 5 i* 5 y '' ■yi 55i y
.8 ..." : iD - ' .• 19 y ;'46*2 : , . ; 15.7* 5
?y.y MB.y, 22 ‘ ■ ■ ,' 53*3' : 162*6
.8 ., HB, ■ 20 59.5 ; . -168
gwwuwupntriii
However* > to -ea a u re -c o rre c t-o p e ra tio n  't h e . job was once
again ; explained step.'by. step . 4  fh e /a c t iv it ie s . in v es tig a ted
are enumerated below."/
1*- Stoop l i f t s 'w i t h  successive ly ' in c reasin g  w eights
Group 1 , -  S ta r t in g  from 15 -’kg, 25 kg*':::
th e r e a f te r  a t  a gap jof 5 kg. to  1  
the  p h y s ic a l 'l im it ,  of the sub je c t  
. to  the  maximum; of 55 kg. (15 male; .' 
su b jec ts )
Group I !  \ -  S ta r tin g  from 10 \kg» and in c re as in g '
in  s tep s  .of 5 kg* to  the 'p h y s ic a l.: .
l im i t  of th e  su b je c t- to  a maximum'
of 55 kg* .('17 male and 8 female su b je c ts )
2m VAxiel load ing  and l i f t in g , .
With weights of 15 leg;, 20 kg*-,
25 kg. and 30 kg. only (14 male 
s u b je c ts ) . ■
3. "Bar" exercises ' hanging, "rising, 'end' knees up-while
■ hang ing .' ■
4*. ■ Hope clim bing
5.: Bench"press ' ' ■
6*. Dynamic loading in  s t a t i c  stooping, posture
7. ■' le g  l i f t i n g
8 . ■ S quatting  '
9. Press up
: fhe subjects were'asked- t o ■stoop from en upright*- ■ 
re laxed 9 eyes; front p o sitio n .w ith o u t' bend ing t h e i r :knees 
bu t hanging th e i r  anas from the should.era and holding the 
b ar of the b a r and b e l l  weight..' Some su b jec ts  found i f  ' 
d i f f i c u l t  to f le x  that f a r  with, fu l ly  extended • knees.-; and 
were allowed a s l ig h t  degree of knee f le x io n . 5?he su b jec ts  
chosen were normal’u n iversity  students^, technical, and . 
academic s t a f f  w ithout any h is to ry  of sp in e l d iso rd e r , 
from th is, stooping and weight hold ing p o s itio n  they were 
asked to extend and regain th e ir  o r ig in a l upright, p osition  
while carry ing  the weight w ith  them and subsequently  to  - 
..put the weight on the ' ta b le '’ in  f ro n t  o f them. In the 
8lif t-d o w n 8 operation., the  su b jec ts  leaned forwards and held 
the b a r in  a p osition  to l i f t .  She weight was not allowed 
..to r o l l  down from th e  table...-: S pec ific  in s tru c tio n  was given 
to  l i f t  the  weight from the tab le  and come to  the u p rig h t 
p o s itio n  and then, take i t  down to the .ground-level without ■ 
bending the knees o r  elbows. She s ta r t in g  weight in. twenty 
f iv e  su b jec ts  was • 10 -kg and %n the.:other f i f t e e n  subjects  
was 1$ kg.- She w eights were then increased a t  in terv a ls  
of- 5 k g-u ntil the su b je c ts  were unable -to - l i f t  them. The 
maximum reached by the s t r a ig h t  subject© was 55 kg../
' fhe .sub jects  were in s tru c te d .to  perform the e x e rc ise s , 
omoothly. Very f a s t  o r  very slow l i f t s  were forbidden.
On averages depending’on the d u ra tio n  fo r  which the w eight ' 
was held in  the u p rig h t standing  .p o s itio n  in  the middle o f . 
each operation, each •lift-U p* -or ; 8 l if t-d o w n 8 operation-'
Tiyi, 19 L ift in  progress
took .between '2*4. :sec* .and - 3.8. m c 9: F a s te r  l i f t s  v?er© - 
undesirable-/ for. .they cou ld . introduce. a. b a l l i s t i c . fa c to r; 
which m igh t. render .the .mechanical, ana ly sis  ■ m isleading. /
Both rapid. ,and- slow., movements ..are .n o t. the normal mode o f " 
o pera tion  under normal circumstances, and are l ik e ly  to ..... •;
expedite  the ,.onset of fa t ig u e ;which w ill , s ig n if ic a n tly  alter-,., 
the electromyogram and. electrooaxtliogram  in  ad d itio n  to  . 
in te r fe r in g  w ith  the r e s t  o f the programme to /fo llo w ..
2s ■ .Axial loading - and l i f t in g s
She su b jec ts  while standing.in  a relaxed  up rig h t eyes : 
front p o s it io n .were' loaded w ith the b ar and b e l l  w eights 
across the back o f  their; shoulders and asked to support i t  „ . • 
w ith'the w ris ts  extended and the palms fac ing  upwards®
She' su b jec ts  were, instructed . t o - l i f t  th is -w e ig h t from the 
back o f th e i r  shoulders -to a -p o s itio n  above the head by'" 
pushing smoothly upwards with t h e i r  arms® The weight Was 
held here fo r  a few seconds and then brought clown in  f ro n t  
of the body by flex in g , the arms. A fte r .w aiting ag a in . fo r  "' 
a few seconds the weight -was l i f t e d  again above the head®. " 
A fte r the usual pause, .the weight was brought smoothly back, 
again to  the o r ig in a l  p o s itio n .
’ Shis exercise- has been performed only by-the male 
su b jec ts  as females found i t  p a r t ic u la r ly  hard, to perform ..
3*.: Bar e x e rc is e s ; •
She subjects were ordered- to. stand in s id e  the sc a ffo ld in g  
and a cross; b a r was placed © cro ss 'th e"sca ffo ld in g  a t  th e  .
Explanation o f f ig u re s
1* £3 . AMal loading and lif tin g -  .
. A and 1) -  . I n i t i a l  and- f in a l  ■ pos i t  ion .
. when the. weight w ith  b a r  r e s ts  a t  the back 
of the shoulders supported by backw&rdly 
/-.turned .arms* -
B  -Weight.-has’ beea■•'lifted .upwards ■
. from t h e ' p o s it io n  A- in  a smooth and continuous 
motion*
■ 0 ' ~ ; Weight- has been ' brought forward
/ ''from; the 3 'position* '
2* -2I-- Bar' e x e rc ise s  ; :
.. A .. A sub ject; hanging from the b a r
by h is  hands w ithout swinging* I t  is  in  
, th i s  p o sitio n , th a t  both  the  knees are.: - 
•■lifted-'up so th a t  th ighs ’reach s. h o riz o n ta l 
position*
B -  The' su b jec t has r is e n  on the  b a r
: by-Mo,; arms so th a t  the chin, re a c h e s 'th e
;. b a r  height* " le g s 'a r e ‘neither moved nor
bent* . /■■■;
F ig .  20
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le v e l /o f  th e ir /hands -.when .they were a t  f a l l  stretch* •.
On th e 1 command :fgof /-.they; hung on., th e 'b a r-  by .-the ir haa&s 
w ithout swinging*' -After hanging- -for 5 ' to  7 seconds the^' • ■ 
t r ie d  to- r is e ' a s ■f a r  ■ m  p o s s ib le . 'Without • making 'any - movement 
of ■ the trunk  o f ; le g e , 'and were ■ asked to  'c h in ’ the 'b a r ;i f  
possible* " fhey- th e n 'r e tu rn e d 'to  the o r ig in a l ' "position* • • 
•Following ta  pease. o f five , to  - -ten...seconds' they were ' asked. ■ 
to  l i f t  both  knees u n ti l ,  the  th ighs were h o r iz o n ta l, and 
then to  ' r e tu r n : t o ' the s ta r t in g  posture* :
While .standing w ith in  - the.scaffo ld ing ., the .subjects  
w aited for. the ..order *gof • • O n/th is .command . they t r ie d  to 
climb th e '; rope •, w ith ; t h e i r  hands only# w ithout u s ing the i r  ■. 
legs* In  p ra c tic e  they found th is  a most d i f f i c u l t  exercise#  
and no • standard  ' a c tiv ity , p a tte rn  was .observed* ...
Bench p ress
■ Subject© prepared as described, before needed & s p e c ia l  
bench to'/perform  th is  exercise* ' Ib is 'b e n c h  had a 
lo n g itu d in a l gap ■ 15- cm wide ;aed: a me t e r .  long" towards one 
end* ' fh is  .gap accommodated the su rface  e lec tro d es  a ttach ed  
to  the e rec to re s  spinae in  the lumbar reg io n , and-avoided ' 
the occurrence, of. movement a r te fa c ts*  -Subjects la y  supine 
on th is  bench 'and. were loaded : a c ro s s ' t h e i r  chests'!with b a r  
and'b e l l  weights.- which th ey . supported by th e ir  hands c lo se  
to  ' the ' shoulder^* ' ' She' - weights - were1 'l i f te d  smoothly ■ u p ; f ro  m 
th is  .position' and: brought back’ again* ■; f  he subjects' s ta r te d
w ith  15' kg' an<l f in ish e d  w ith  25- kg* -.weights*
6, . , ..Dynamic, lo a d in g ,in  s t a t i c  stooping posture . .
- Subjects adopted' the s tand ard ;s to o p in g  posture while, 
holding; a .5 .gallon p la s t ic  ^ tub c lea r  o f the' ground.*.’. Another 
p la a t ie  tub ; of • th e  same s iz e  was placed -on a : high s to o l  
and f i l l e d  with- water* • By means of. wide, rubber tubing ' 
th is  ..water was. t ra n s fe r re d  to  the s u b je c t1 s. tu b 'd u rin g  a. . 
period - o f 30- seconds*-' ".At, the  eM ;o f  "the experiment the.-,  ^
su b jec t placed the tub on the ground and stood upright*
In  th e ' second.phase.o f the ex e rc ise  the su b jec t h e ld  
the c o n ta in e r  f u l l  o f w ate r in  the stooping posture and ; 
the- w ater was. allowed to. d ra in  - out' at. th e  same speed a t  which 
i t  poured in* When -the' tank was, empty the .sub ject was . , 
allow ed-to stand upright*"
T* ■ ' le g  l i f t i n g  ■'
The su b je c ts  were ordered to l i e  supine on the bench 
and remain s t i l l ,  from 15 to  20 seconds and then  l i f t  both  
the  le g s  upwards, m  near to ' the v e r t i c a l  as .possible w hile - 
keeping th e  knees s tra ig h t*  .
■She sub jecis squatted  once and go t up* A fte r a pause 
o f-five".seconds they;did- a /few. squats In  rapid succession*
Fig. 22 Press u p .
: Subjects were sliced to  s t a r t  in  p o s itio n  A ( f ig* ggj ■ 
t h e i r  palms being immediately b elow 'their shoulders# fhey 
were then, ashed to  adopt p o s itio n  B w ith  ra ise d  hips® 
and then to  adopt p o s it  loti 0# .
Warming, up ~ and s k i l l  acquisitions '
In o rder to he able to  discount th e -e ffe c t  o f 's k i l l  
a e c p is if io n  during .the exercises the su b jec ts  were asked 
to  warm themselves up by - repeating' th e' exercises ,several 
times* :
• A c lo se  check' was m aintained to  determine the © k ill ; . 
increase or fa tigu e before proper recordings were made fo r  
experiment#
national© of the, ex e rc ise s :
'She s e l e c t ion o f •the exercise© in the . present 
in vestiga tion  was d ic ta te d  by mechanical and p h y sio lo g ica l 
reasoning* / She f i r s t  .part of the in vestiga tion  looked 
in to  a-ref lex  control or otherwise of increased  in tr a -  
abdominal p ressure which play© a s ig n if ic a n t  .role in  the  
tran k  mechanics# In the second p a r t the  au thor s e t  out to  
i s o la te  some mechanical s t r e s s e s  to .which., the. tran k  i s  
sub jected  and some, movements which the trunk undergoes in  
l i f e  and to study the physio log ica l responses of, the 
muscular activity®  to g e th e r w ith 'th e  intra-abdominal pressure*
fke stoop , l i f t s  with su ccessiv e ly  in c reas in g  w eights 
provided a varying magnitude of the m o st' commonly 
encountered, s tre sse s  of f le x io n  &m ex tension  under
eompreosional duress* . !The a x ia l  loading  and l i f t i n g  caused ■ 
-compression'of. a nea rly  u p rig h t spine* She dynamic . 
loading in. a ; s t a t i c  stooping  p o s tu re  was meant to  re v ea l 
the; e f f e c ts  of. g rad u a lly  in creasin g  and decreasing  m echanical 
fo rees  s im ila r  to  those opera tiv e  during stoop lif ts®  hu t 
'in  a. motionlesB-. trunk* •'^he decelera tion 'w hen  squat tin g  v 
c re a te s  a -sudden;compression o f  the lumbar spine and the 
lumbar' in te rv e r te fe ra l ' discs* : ■
In -c o n tra s t  ; to ; compressions b ar.hanging.and b a r  .
■rising provided concen tric  s tre tc h in g  and the rope climbing 
an -alternate ec cen tric  s tre tc h in g  o f - the  spine*
... $he-purpose of the kneea-up and sq u a ttin g  exerc ises ' 
was to  produce "an in te r re la t io n s h ip  between the tru n k  and ■ 
th ighs in  space s im ila r  to  th a t  of the stoop  l i f t *  The 
p ress up provided a process of f le x io n  and extension  of 
the sp ine supported a t  both  ends in  c o n tra s t  to  the  u p rig h t 
■posture where' in  ad d itio n  to  the ph y sica l movements o th e r  
m echanical fo rces  complicate, th e  s itu a tio n *  '
L ifting- o f the ' leg  was /designed ~ to  .produce 'mechanical 
s t r e s s , w hile keeping the trunk;, immobile' i n ' a s t r a ig h t  and , 
supported 's itu a tio n #  In  the bench- press'-the; sp ine was g iven  , 
a f u l l  support w ithout any obvious mechanical s t r e s s  o r 
.physical movement and the shoulder and arm muscles were 
requ ired  to  perform heavy tasks* -
0- MJlXitfXOAX
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' fhe record ing  of each•a c t iv ity  in  a l l  subjects was 
examined, together with a'few  record© of record ing  immediately 
before 'and a f te r  each a c t iv ity * . f i l ls  u su a lly  covered a-, 
time spaa of 30 seconds; f o r  a l l  a c t iv i t i e s  o th e r  than  
s ta t ic  loading where a 'duration .o f ' .60 to. 90 seconds was ' 
analysed#
Graph papers w ith  h a lf  inch' squares.and marked in  
ten th s  o f 'a n  inch vie re chosen f o r  the .temporal an a ly s is  
of the traces*  ■ A s u ita b le  time sca le  (2*5.4iv io io n s /s e c )
.was marked along the  ebcissa and the duration and events .of .., 
the a c t iv i t i e s  located  on th is  scale* . V e r tic a l l in e s  were 
drawn from these  p o in ts  right' across the graph paper to  show' 
.'the -section of a c t iv i ty  in  each of the fo u r parameters \ 
recorded#
A scale® normally ranging from -10  to 100 mm', o f Eg® 
was marked fo r  d ep ic tio n  o f the in tra-abdom inal p ressu re  
along the o rd in a te  of the graph paper*' Svery d iv is io n , o f , 
the graph represents .5 mm of Big* U sually  p ressu re  r i s e s  
were in  th i s  ..range* I f  the p re ssu re .ro se  beyond this® i t  
was' re a d ily  p ro jec ted  fu r th e r  on the graph# In tra-abdom inal 
p ressure was read on the record according to the c a l ib ra t io n  
s ig n a l o f . the rad io  p i l l  and was p lo tte d  on the graph in  
time# Various po in ts  were subsequently joined to  g ive a 
t ra n s la te d  tra c e  from which the value of the in tra-abdom inal 
p ressure  can e a s i ly  be read*'
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SUBJECT 9 DN AXIAL LOADING AND LIFTING 30 Kg.
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SUBJECT 31 WL BAR EXERCISES
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SUBJECT 23 PT ROPE CLIMBING
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fixe sc a le s  f o r  the t r a n s la t io n  of the a c t iv i t i e s  
of the e x te rn a l obliques and e re c to re s  epiaae were 
d eterm in ed  ■ in d iv id u a l ly  as th e i r  score on the record  had 
considerab le  in d iv id u a l v aria tion*  She score f o r  both  
these param eters was' read' d iv is io n  by 'd iv is io n  on the record 
' both  In  time and am p litu d e .' -She am plitude v a lu e ' o f the. 
reco rd  was converted according to  the  sc a le  on the graph 
and p lo tted*  2he p lo tte d  ■ points- f o r  these  two param eters - 
'.were jo ined in  ' time to g ive the. tem poral t ra n s la t io n  o f . 
the tra c e s  on the record* On com pletion of p lo t t in g  of a l l  
a c t iv i t i e s  each param eter was examined s e p a r a t e ly  to  - determ ine 
the maximum, sco re . I r re sp e c tiv e  of the natu re  of the  a c t iv i ty  
the maximum score o f these  param eters was .a r b i t r a r i ly  given 
as one- hundred per c e n t. ■ In  a l l  o th e r a c t iv i t i e s  the ’■ 
v a l u e s ‘o f ' t h e .  p e a k s t p la teaus and averages were c a lc u la te d  
as .percentages o f , th i s  .maxima®*
She paper speed was too slow f o r  any e lec tro ca rd io g rap h ic  
an a ly s is  and /the tra c e  has only been employed in  the present, 
study to examine the  a l te ra t io n s  in  h e a r t r a te .  S ta r t in g  a 
few seconds.before the. s e c tio n ,o f  th e  record .to-be 
■ translated. on, the graph paper the ' i n i t i a l  h e a rt r a te  was 
'-determined by-averaging, three, b e a ts  in  tim e. - Ih is  value 
was.placed on the' o rd in a te  ca rry ing  the sc a le  graduated from 
50 b e a ts -p e r. minute, to , 150, beats, per m inute. .; S u b se q u e n tly  
e v e r y  .■■■three b e a ts ; were, averaged in . tim e  and the te r m in a l  
point, marked.. on the  graph-paper. S!h ese .po in ts  were jo ined  
:i n •t h e .usual.manner* ■ Prom.th is  .f in ish e d  graph  the  value of 
the h e a r t ra te  a t  any p o in t can be ob tained .
- 2 '. mm mmtsiB t ■ '
. .Cine .p ic tu res were .p ro jected  by an I lfo rd  Elmo 
. projector'onto.-a'W hite paper .covered s o f t  board screen, 
hanging on a w all a t  a d is tan ce  of e ig h t f e e t  from the 
p ro je c to r . Ihe p ro jec ted  p ic tu re s  on the  screen  measured 
about 1 8 '« x 1 2 ”# fhe -film  was stopped- a t  the frame which 
showed the f la s h  of the  bulb# .-Bach frame was subsequently  . 
tran sp o rted  manually and counted a t  e ig h t frames fo r  each;- 
second. When the frames of in te r e s t  as in d ica ted  by the 
chart, a rriv ed  a record-' o f  each. frame''was made on a w hite 
'A4'-sized'-paper d elin eatin g 'th e  sp in a l co n fig u ra tio n  ,
.representing* the  s a g i t t a l  movementf the  markers (p ro je c te d )i  
every 1 0  cm mark on -the h e ig h t gauge trac ed  and th e  position- 
o f the  w e ig h t and the ta b le  a lso  marked in  the case of
stoop  l i f t #  ' F o r .some su b jec ts  ev e ry  frame was' tra c ed  on'
a 's e p a ra te  sheet, and the frame number w r it te n  on i t ;  f o r  
o th ers  sev e ra l frames were p ro jec ted  and traced  on the. same
paper# In  t h e - l a t t e r  case the f i r s t  frame was la b e lle d  on
the l e f t "hand top  co rner of the sh ee t and various s p in a l ’ 
configurations and; th e ir -  p ro jec ted  markers la b e lle d  -with 
re ference  to  th e  f i r s t  frame on the, sh ee t# ';. flue angles ' 
included between th e s e  markers were measured by means o f - 
a p ro tra c to r  and compared w ith  the angles in  the u p rig h t 
posture to  determine' the degree of flex ion ; o r-ex ten sio n  
' which had /-'occurred#, •
■; S ingle - frame traced  ana ly sis ' has been - done f o r  the ’ 
a c t iv i t i e s  of 9  su b je c ts  and m u ltip le  tra c in g  has been done
60
Scale 10 cm
SINGLE FRAME TRACING
MULTIPLE CINE FRAME TRACING
f o r  11 subjects® An analysis o f these  measurements showed 
th a t  the d iffe re n c e s  between consecutive frames was very 
em ail9 and th a t  i t  was th e re fo re  decided to  tra c e  and 
measure every th ird  frame 0 Subsequent analysis of the 
cine film s of 20 subjects was done by d i r e c t  measurement 
f  row the  projected''-picture*. This was performed by. a/perspex 
p ro tra c to r  w ith  a f i t t e d  esgrpoved arm ro ta t in g  on th e ' 
centre of p ro tra c to r  (see page )♦ Cine film  an a ly s is  ' 
has been c a rr ie d  p u t  only fo r  stoop l i f t i n g  and ax ia l  
loading and liftin g ®
3 ■ ' SYKCHCaHSATiOR Of B1C0HD Aim fllB' FILT^ i
Due to  the -'low frequency response' of the reco rd er 
employed* a con tac t on...the camera s h u t te r  cou ld -not:be used 
even a t  a f a s t ’-speed "to mark: the record® To o b ta in  
synchronisation* a d ipo le  sw itch opera ting  one of the marker 
pens of the reco rd e r and a f le sh  gun was employed*. During 
the ..analysis the mark on the r e c o rd ’and the f la h  of the  ' . , 
bulb were patched and frames counted from the re (8 frame s 
per second) • f in e  was also checked on the  record w hile 
th is  arrangement may be c r i t i c i s e d  on t h e 'grounds th a t  the  
camera speed may have'been su b jec t to’’minor variation* "the 
time spent f o r  each a c t iv i ty  was so sm all th a t  e r ro rs  a re ’-, 
u n lik e ly  to have been of significance® '
4 . ;ST A fisfidA ii A m r n s  g
The fo llow ing  s t a t i s t i c a l  values were calculated  
. f o r  the various a c t iv i t i e s  of a ll 'th e  su b jects*-
ffean :
Standard d ev ia tio n  
Standard e r ro r  o f the Bean 
C o e ffic ie n t of v a r ia tio n
For stoop  l i f t s  w ith su ccessive ly  in c reas in g  w eights 
.th ree  c o r re la tio n s  were ca lc u la te d  from'the Been values of. 
males. and-females.;
le  Sim ple'correlation .■’ ■coefficient between various
parameters.to see the s ig n if ic a n c e ' of t h e i r  
. In ter-relationshlpa
2o Simple c o r re la tio n  c o e ff ic ie n t  between the. 
magnitudes of each of the parameters during 
•lift-u p * . phase and 9 l if t-d o w n 8 phase.*
3 ® P a r t ia l  c o rre la tio n ' c o e f f ic ie n t  hold ing one 
. and two v a r ia b le s . constan t to rev ea l a more 
r e a l i s t i c  c o r re la t io n  between any' two o f'th e  ; 
variables*,
Furthert the. regression- of each o f the v a r ia b le s  on 
the other; was ca lcu la ted  fo r  the • l l f t - u p 1 .and * lift~dew a8 
phases to g e th e r w ith  i t s  t e s t  of significance®  , In order 
to  fin d  whether the reg ress io n  lin es ' f o r  these  movements' - 
of 8l i f t - u p 1. and 8 l if t-d o w n 8 phases were only p a r a l le l  o r 
coincidental th e s e 'regression lines-w ere  compared to unmask 
the e f fe c t  of. any -hidden, fa c to r  such as gravity®
s E c ix o s / t r x :OTBBAULXO; SOTPOHf OF BO KB MABBOW
' Jn  v i t ro  compression :experim ents, performed by 
V irgin (1951); .Hirsch (19.51.);.: Brovms, ;Hansen end Yorra 
(1957)| Hsx$y #...£iesnert W ebster-and dnr&jian* (1958>f 
B oaft:'{1960)|. : l i e  (1966)| and Smith*. (1969). have shown- > 
th a t  the ■ lumbar v e r te b ra l ' bodies '.and ‘ t h e i r  'encLplates are  
capable- o f :enduring ..pressures much lower’ th a n  those. ' 
.ca lcu la ted  f o r  in  .vivo; s i tu a t io n s  .by B radford 'and sp a rlin g  ■ 
(1945) f-:-Barteliuk'f-:-.1957 and .Mo r r  i s  * ' Luc as and B re s le r  .(1961)® 
While - a ■ r a is e d  . in tra -ab d o m in a l. p ressure ' may ex p la in  • th i s  . 
discrepancy*-: i t  may : a lso  ..-be explained in 'p a r t  o r even in  " 
whole by the 'hypothesis o f hydrau lic  s tren g th en in g  of bones ' 
suggested .;by 'F rost (1964) and McPherson and juhass (1964).
.A''.close' r e la t io n s h ip  of-. the bone marrow-pressure to  t h e - 
bone; blood "f low" h a s ' b een ' demonstratecl (Brane marls* 1961? 
Shaw9;'1964)'and..en;alteration in 'th e  bone marrow blood 
flow , r a is in g  the; i h t r a  'm edullary - p ressu re  during  m uscular 
co n tra c tio n  has- been'observed-.by McPherson and Juhass (1964)® 
However* the'-, bypothesis ' of-hydraulic stren g th en in g  of bones 
in  .l i f e  has not ..been-investigated*' Therefore an attem pt, ■ 
was •made... to record the behaviour o f the bone marrow, in  • 
l iv in g  r a t s  under various--compressive ©tresses.-and during ' ■' 
m u scu la r.co n trac tio n . - Bone marrow 'pressures were recorded 
by means of a needle in se r te d ' through the ' fem oral cortex* 
the -needle being -connected to a pressu re  tran sd u ce r. ' A 
s im ila r  arrangement was used. fo r . the  measurement o f blood 
pressure* ■'
a AmRXicrs
i .  . m m m c m iQ  a s s b i b b t s  - . -
f  he . ou tputs of the marrow p ressu re  and . c a ro tid  blood 
pressure'transducers (SB.4-81) ware fed to ’ the  output 
/am p lifie rs  ($1 4910) via ' d*e* c a r r i e r  am p lifie rs  (SB .4912) . 
o f the FFA: ( lle c tro -m e d ie a l m ultichannel am p lifie r)  system. 
(SB 4001 system )♦. th e  100 s ig n a ls  were, s im ilar ly  fed  to. 
the output a m p lif ie r  (SB 4900) through a'.carrier a m p lif ie r . 
'.The,.amplified signals-'w ere recorded 'by  means of an u l t r a  ■ 
violet-recordert'..and were a lso  fe d  to. a d isp lay  o sc illo sco p e  
.fhe BC0-• sign a ls  were fed../to the  input, o f a ,ra te m e te r  - 
(Devices Instan taneous ra tem ete r ty p e .2751). f o r  d i r e c t ’ 
reading and a lso  to  the reco rd er v ia  an"intermediate . 
amplifier* :. An e lectron ic  stim ulator was used to  apply 
e le c t r ic a l / s t im u l i  o f known value to  the  cut d is ta l  and 
o f’ the fem oral nerve* *Jhe arrangement of the, apparatus 
i s  shown'-in ;figu:re8.'''•-
P^VV■Recoraer^
fh e  B itra /;? lG le t l i g h t  reco rd e r type - SB 3006/to .was 
used , employing moving c o il ,  type 'galvonometers w ith  a -  6  cm . 
.(12"cm).-from cen tre  -position* ■.-■■■
For the  am p lifica tio n  of s ig n a ls  the  e lec tro -m ed ica l 
m ultichannel- am p lifie r  system con ta in ing  &*e® output 
am p lifiers:..was used*
Tig* 33 Explanation- of the photograph*
E lec tron ic  assembly arranged 'in .'physiological.
rack  .{not showing the  ' two transducers and the b ip o la r  ■
/e lec tro d e ) 'w as 'u sed  fo r : th e  experim ent. •
3)3; 'Bieplay oscilloscope' showing" ©11. the '.
' fo u r  tra c e s  on the screen* . The. t o p .
.. tra c e  l a  e lec tro card io g rap h ic , t r a c e ,  ■
'th e  second ie  of;'.fatem eter, the,
. th i rd  i s '  the ca ro tid  blood p ressu re ,' . 
and the fo u r th  i s  the  bone marrow 
pressure- t r a c e .  .
EE Bateraeter ;
■ E ' ■ W ~Becorder 
ST S tim u la to r
' XT ; Emma u n i t  w ith  i t s  re le v a n t p re-am plif i e ra 
and am p lifie rs  ( fo r  f u r th e r  d e t a i l  see the  
tex t)*  '
AM. ' '• A m plifiers;.
Fig* 34. Explanation o f the block d iag ram ..
The diagram shows the; source o f the  s ig n a l and the" ' 
path  followed, by them in  the  assembly' used f o r  the  
.experiments* ’ The' arrowheads rep re sen t the d ire c tio n  
o f th e : t r a v e l  o f^ th e .s ig n a ls*  ;
TT P ressu re  tran sd u cer
. IK .'.Amplifiers*-
— ■-—
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BOB Fre~am>Xifier ..
A low ga in  p re a m p lif ie r .  type .SB 4900 was used*
.fti© c h a ra c te r is t ic s   ^o f ■ the  p re a m p li f ie r s  ere  ae follow ss
Cain l in e a r i ty  < Oe2$f§ o f f a l l  sc a le  R eflec t loti
In p u t c i r c u i t  ■ Balanced d i f f e r e n t i a l
Inpu t ra n g e ' Bp to  100 mV peoh'
. B i f f e r e i i t i a l . inpu t '
• impedance ' >.20 fe o to
■ Cocnaon taade /
re je c t io n  ■ > 10®GOO. 5 1
Hois©' < 10 p ,v  peak- to  peak w ith  re sp e c t
- to  inpu t (w ith  .3 . lz ..ohm source)*. . ■
Frequency response 0*1 Hs **' 5 E !fe v (2 see) -
6 Its ** -5 K Hs (0o03 sec)*
C a rr ie r  B re -a s p l if le r4tMft£CM$*aes»wmss*s«e3tta0^ i^»A#aa^
SI l o l e l  4912 was used* .. The aonufacturer*© 
spec ifica tion©  are  ae fo llow ©1
Cain l in e a r i ty  . < 0$2fi o f  f u l l  s c a le  d e f le c tio n
■’ Inpu t c i r c u i t  . : Balanced transfo rm er ..
In p u tc range ; ' 150 -jaF -  600 R?-r*ffi«8* ; '
Input impedance ' > 6  1C e ta  a t  3 E Ha
. Conrnon ©ode re je c t io n  > 10000 * 1
Boise < o f ou tpu t a t  ©erinra© gait
Frequency response . 0 -  1 0 0 'lls
. Zero d r i f t  < 0*2 j i? /0C re fe rre d  to  in p u t
-on tnintann a tte n u a tlo n 0
A wide band d*c* - am p lifie r type BE 4910 has been 
used th rough out*  . flie spec i f  l e s t  ions are  as fo l lo w s ?
B oise' > ' < 0«ifS o f  f u l l ' s c a l e  d e f l e c t io n .
“D rift " '■ ' : < 1$ o f - f u l l '  s c a l e v d efle c tio n
Frequency response B o s i t io n  '. -H.'. • i 50^ .-at 320 S s
P re ssu re ■tran sd u cer ‘ '
■ The p re s su re ;tran sducers  em ployed'for the blood 
p ressu re 'and 'bone marrow p re ssu re 'measurements were SB ■ 
type 4~8l*: • She transducing  elem ent•consI s t s  o f •a .s in g le  
c r y s ta l  -s ilic o n e  -diaph.sgsj* 0*2 In c h -in  diam eter in to  
which i s  d iffu sed  a .fu lly  ac tiv e  fo u r  a m  b rid g e , She • 
tran sducer has a' low volume displacem ent g iv ing  s  . h igh  ' 
frequency response* - I t  has a good tem perature .s ta b i l i ty *
•She manufacturer*© .sp e c if ic a tio n s  are as' fo llo w se 
Steessure range ' . .. . 0 to  * 300 mm Kg'* '
• • S e n s it iv i ty  ; Approximately 25 mf/100 tm Eg*
Bain l in e a r i ty :  ' 
In p u t . c i r c u i t  
Input im pedance  
In p u t range
<0*25$ o f f u l l  sca le  d e f le c t io n  
s in g le 'e n d e d . ■
100 i£ eta. a t ;l  .v o lt 
10 itfT -  ■:'100"V!'d;c*
Band width BoOe to  10. K He
w ith  ’ h ig h : pass 
f i l t e r  ■
at. 10 IT e x c ita t io n
In p u t;and;output 
impedance ' 1000  ohms n o m in a l
Maximum e le c t r ic a l
e x a lta t io n  - .-
Volume d is p la c e m e n t .
l in e a r i ty ;  /  '
H ysteresis  end. • 
rep ea tab ility -,
Frequency response
10 ?  mm A*0* o r BoOo
< 0*01 una^/100 mia Uq® 
f u l l  sca le  •
< 0* 2$ .
f DO-100 Ms w ith 1 metre of 
c a th e te r -?  -F ■
Hatemeter ■ ■ .
A Devices instanteiique ra tem ete r type 2752-^ae' 
employed, to m on ito r the h e a r t ra te*  Xn th i s  the  time : 
in te rv a l  between tw o,e v e n ts . i s  measured'and i s  converted 
g o  as to  g ive an .output v o ltag e  p ro p o rtio n a l to- the  
re c ip ro c a l o f the. time*' I t  g ives a s teady  outpu t "between 
pulses, rep resen tin g  'the r e p e t i t io n  frequency of the  two 
.previous pulses* .. Some o f the -c h a ra c te r is tic s  of the  ' 
ra tem eter are  as fo llow s: - ;
'A*C*-, s e n s i t iv i ty
Bo CM s e n s i t iv i ty
j , r e s is ta n c e •
50 mV' minimum on f u l l  ga in  
.to' produce;" -triggering* .• fhe
■3 dB; po in ts  o f  the  a m p lif ie r  
a re - '4 Ha-"and 4O0"Hs*- 
1*5 V.-'tiiaiimm to  produce 
t r ig g e r in g . ..
A*Cy' g re a te r  than  1 M ohm. 
'g re a te r ;  than  100 IC oh©
'Accuracy : ■:
S tim u la to r -
Inpu t mean p o te n tia l £*0* not g re a te r  than « 3  T 
A*C* hot g r e a t e r ,than  10 7 
lff>; o f ' f e l l .sc a le  f ie f le c tio n  
; An SHI" stim ulator cata logue 
■ number 6060 was usefi to
g enera te ' s ig n a ls ' 0*5 v o l t
to  .' 5 7 b I t  a t  - 50 'cycles -per
second#
EOGBleetrofies
-th ree . hypodermic: -needles soM erefi to  a tw in  -screene&'- 
cab le was'.'employed' ae e lec tro ca rd io g rap h ic  e lec tro d es  »
She needle so ld ered -to  .th e -sc re e n  was used as an e a r th  by. 
in sertin g ',lt  in to  one o f  .the hind limbs..end the  o th e r two 
.needles eolfierefi; to .. the wires were in se rted , in to  the two 
fo re  limbs f o r  the. signal*
She heart rate in  the present experiments- was -'recorded 
to  provide an index of the blood flow through the hone.
An attem pt was' made -to record  the  b leed  flow  through th e  
"nutrien t v e in  by'a blood flow -m eter hu t was abandoned due 
to  the d i f f i c u l ty  in  c a l ib ra tio n  and re te n tio n  of th e  
instrum ent at' the  'proper;s i t e  " in .a  sm all ’animal l ik e - th e  ra t*
2. - MEC'HAHICAIi
:A She compression device ,
th i s  load ing  device o r ig in a lly  .developed- in  collab oration  
with Hr* . B.S* lim  'of the biomecbenics departm ent o f •
Surrey U n iv e r s ity was modified fo r  t h i s  s e r ie s  o f experiments*
She-device enab led . measurable end v a r ia b le
'loading to  be applied  to  .the r a t .  f  emir * a firm 'h o ld in g  
mechanism f o r  the two1 ends o f  the femur m aintain ing  ' i t  
in  a, v e r t ic a l : 'p o s it io n  -thoughoat th e . experim ent. ' She 
d ev ice ’■ requ ired  isiniimim ..exposure, of. sjusc'ies* matched the . 
h e ig h t o f the -operating ta b le f and.;was easy to 'h a n d le  and . 
economic si--to  construct*  : / •
.. A f l a t  Jawed v ice , w ith  a c e n tr a l  - lo a d in g .screw (Oi). ■
and two guide bar© (§£) .we© used* 'S h fo e /d if fe re n t-s lse d  ■ 
holes, were .d r i l le d  in  both  .the Jaws a t  corresponding 
, p o s itio n s  . and were-, threaded* ;• Small- b lu n t matching .. screws 
Were screwed ’ in  ..these ho les (from . above in  the -, top ,.p la te  
■and from -below in  the  bottom p la te } such th a t  th e y 's l ig h t ly  - 
. projected: ,in to  'the ..space between .'the Jaws* .Matching b o lts ' 
w ere, then screwed such th a t  ab o u t’ h a lf  o f . t h e i r , depths 
Were u n f i l le d  Wo accommodate 'the ends :of the- femur*. • 'Enough• •,* 
c lea rance  is  av a ilab le  in  th e ' to p  p la te  .eround the c e n tr a l  
loading screw.-©o th a t  Whe fop. p la te  1© .able to  s l id e  down 
f r e e ly  w ith  the  guide b a rs  a ttach ed  -to i t :g u id in g  a v e r t i c a l  
motion* She' central., lo ad in g  screw was. f i t te d ;  w ith  "m- ■-.■ 
w inding. le v e r  •(•¥&} • a t  th e : to p  end and :a WS«, 800/40 
'compression sp rin g  (SB) was <placed- between-■’th e ’ fop  Jaw o f the  
v ice  and the washer a t  the top  end "of the  load ing  :screw *.-.
She o u tside  d iam eter o f the  sp ring  was 0.75 Inch* • i t s  . f re e  
length .being- 2*5; inch , having 12 a c t iv e :c o i ls  o f •a .h igh  
q u a li ty  bard drawn spring  .s tee l.'w ire  o f 0*092.-inch d iam ete r . 
w ith  spring .con© taut ,30 l b / i n ’ g iv ing’- an■■.■ajprpxime;to Iced .'
•Of 36 lb  8 os. ' a t ' f u l l  compression, :
Explanation ofthe'photograph ' 35 a*
Hie mechanical s e t  o f . the experiment showing
everyth ing ' o th e r then electronic, assembly f o r  
the recording o f the  tra c e s ,
OB Compression device 
B0 'D ial gauge" Bower.s t a b i l i s in g :u n it ■ 
Mini d r i l l
Hypodermic sy rin g es  usedS a t
■ O perating ta b le  
. tran sd u cers  ’ ■ \
Bxplanatioii o f  the  photograp h  . 35.. / b ,  •.
.A c l o s e  up o f - the 'compression device; with, a  . 
r a t  in .-p o sitio n  w ith  i t s  femur firm ly  h e l d . /.v
between the two jaws, '■ ■
B0 ".V. ' p i s l  gauge : . -  ■ . •
;WI». •. .• W ind ing ; le v e r  f o r . , .. . . 'EC.G&:. e lec tro ca rd io g rap h ic
' 'c e n tr a l  loading screw ■ , lead
SB' .Com pression sp r in g  If? , I fe ed le  I n s e r te d
WB : ' Wood.. plank' on which 
; . the device Is mounted.
■if ' ■ .JFatfs’o f' the  v ice
OS ‘" ;. C e n tra l ' load ing  ..screw 
aB:‘ : ' "" .GuSae bars :
in to  the  femur 
■through ;a 'd r i l le d  
hOleV . y '
She cannula .
reco rd ings
Hie c a ro tid  blood
p ressu re
Hut to. hold the  : 
bone,''
him i c m
35 b
'Explanation .of the hloefc diagram
Block, diagram and .the p lea  ■ view of. the  
compression "dev ice ' used in  the experiment*.
.0£'■■ ...'■. . C learance
SF ; , Staiafc fit ;
WS -. W asher
DG
WL
WS
-cs
SP
WS
SF
GB
n j l J ^ n a QHzzz !CL
COMPRESSION DEVICE
PLAN VIEW
P ig . 36
t h e e r i c ©  "was; then mounted on a-plank of wood and 
fixed , a t , a -height. matching th a t ..of - the operating tab le  
by m eans,of; lab o ra to ry  'sca ffo ld in g . '• fhe sca ffo ld in g  a lso  
held a ■dial', gangs b o lted  ■ t o .a h o riz o n ta l rod above th e  . 
c e n tra l/  loading 'screw" o f the  .loading .device* S?lae p o s itio n  
o f the .d ial, gauge, could he adjnshedV The d ia l  gauge 
displayed 'th e  " mount of' .oompressibn", In . inches*. One f a l l  
rev o lu tio n  o f 'the la rg e r  needle'.showed a -compression of- 
a tenth of an inch and the  number o f  rev o lu tio n s  could 
be read .cm the sm alle r sc a le  on the d ia l  by a such sm a lle r
i  . x m v m m m m
; A fte r s e t t in g  up and ad ju stin g  tlie IT? recorder*
.iHA’ u n i t  {as deoertbed)* rateraeter* d isp la y  scope . 
ami .transducer.-tlie c a l ib ra t io n  o f transducers  a i i  ■
ra tem ete r was c a rr ie d  out* ... F in a lly  fixe .tra n s ie n t 
response o f t h e  whole system- was. to o te d * .
. fhe c a lib ra t io n  o f th e  ra te ia e te r was c a rr ie d  -out by 
.sw itching the  range knob from © to f u l l  sc a le  d e f le c tio n  
and .reading- the  value d i r e c t ly  from the  m eter t o . a s c e r ta in  
f u l l  'sca le  .'deflection*.;:. 2§y a d ju s tin g  the ga in  o f : th e  
output s ig n a l 'a  s u ita b le  range f o r  the tra c e  was se lec ted*  .
• A fte r  com pleting the  removal o f  a l l  a i r  from th e  w ater 
transm ission  system o f  the  transducer* c a lib ra t io n  was : 
perfoi-medfv-using' a- mercuxy manometer 'o f a. standard  blood 
p re s s u re ' instrum ent' and an ISICIblood b o t t le  f i t t e d  w ith  
saline*: : ' C a lib ra tio n ' was ' performed, befo re  ant- a f t e r  '
each 'experim ent ’
g ran slen t response o f the  system
. In  o rder to  know the r e l i a b i l i t y  o f the recorded ou tpu t 
s ig n a ls  the t r a n s ie n t  response ,;of the system was stud ied*  
fhe ou tpu t s ig n a l should follow  c lo se ly  t r a n s ie n t  in p u t' 
signal*  - f ills  property--of -fo llow ing a  s te p  fu n c tio n  i s  
dependent upon th e -n a tu ra l ' frequency and' the  damping ra tio *
-- • • ...J. rm : ■ *•■- - -i'sa-.’g t s «K aK *c ,-!W  ■ ? 4 S ^ i» g F S !j5 s
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TRANSIENT RESPONSE OF SYSTEM
Fig* .38
As tlie f requency 1b low f o r  the  recorder#' good t r a n s ie n t  
response Is  obtained by choosing optimum damping such 
th a t  the r i s e  time and overshoot are  minimum f o r  a 's t e p  ', 
fu n c tio n  Input® Itiie transient'response o f the whole was 
measured using the  tran sd u cer ca lib ra tion ;, apparatus ■ to  
produce tha-, s tep  fu n ction , fhe r i s e  time to a lOO. ima %* 
inpu t was . '0 ®  16 .'second and- was thought s a t is f a c to ry  f o r
the p resen t l iw e e tig a tio a  ( f i g .  38).
2 m m a tm m , .
.Eighteen ©ale; a lb ino  r a t s  hare been used in  . the  p re se n t 
study f o r  the  measurement of bone ©arrow pressu re  from the  
femur under various cond itions o f load ing  and e l e c t r i c a l  . 
stim ulation*  the ra ts .w e re  an aesth e tised  by in trap eriton ea l 
in jection s o f . nembutal' at © dosage o f 45 .mg.'per ,K&* of : 
body weight* .• -.Oannttlatlon of the carotid • a r te ry  was then 
carried out*: . ih e  remainder o f the p rep a ra tio n  o f  the 
animal depended, on whether i t  was needed fo r  loading  
experim ents o r-fo r  s tim u la tio n  experiments*
Six an aesth etised ’ra ts , were used in  compression load ing  
experiments*. A tran sv e rse  in c is io n  was mad© ac ro ss  the  . 
km® jo in t o f  the  l e f t  leg  and th i s  in c is io n  was extended 
on th e  o u te r l a t e r a l  s id e  o f the thigh up to  the h ip  joint*, 
fhe  sh in  was re f le c te d  "and the muscles were separa ted  
lo n g itu d in a lly  - along the  fa s e ie  between g r a c il is  and adductor 
magmis on one sid e  and ssrtoriu© and adductor longus on.."
;the ethoxy Oar© w es\taken t© ©void damage to  blood TOsselsy ; -' 
and the m m clm  w ere wiped o ccasio n a lly  w ith  co tto n  wool / 
soaked. in ' m m  e a lin e y  . She, p rep ara tio n  was kept m oist. . 
throughout the  experiment by* povorlng i t  w ith  wet co tto n  
wool*. ibe  ,sep ara tio n ' o f  the muscles was c a rr ie d  ou t up, to  
the. h ip  Jo in t, and the  head -of,..the femur c a re fu lljr  d is lo ca ted ., 
from the ' a c e t a b u l u m * A t  the  d i s t a l  end -the p a te l la  was : ; 
severed from., the condyloid" sum acs o f  th e  t i b i a  end' '  
r e f  loo ted  'upwards*' -Using ©a. e le c tr ic :  d r i l l  a-ho le ' o f 0*75-.- - 
m .d ia m e te r  was d r i l l e d  in- the middle o f  the femora 1 ©haft* . • 
P a r t ic le s  o f  bone were rapidly..removed. by -sa lin e  ■ lavage® - 
-A b lun ted  hypodermic .needle o f 0«?9. e s te r a a l  d iam eter 
f i l l e d  w ith  s a l in e  o o a ta iti in s 'te p a r in ; and connected to  ..the . 
p ressu re  tran sd u cer by a. cannalus {©loo f i l l e d  w ith  c e lin e  
con ta in ing  heparin)' was tw isted  In  to- make a - t i g h t - f i t t i n g ' 
connection* •; The' fem ur wea then  held  by the  g re a te r  tro c h a n te r  
ami condyle. between the  Jaws o f the v ice  by th e  nut holes* . 
fhe c e n tra l  load ing  screw was d riven  In t i l l ;  th e  bon© was 
firiaXy held* ..fhe; d ia l  gauge' was .then .brought in  d i r e c t ly  
above -the c e n tr a l"  load ing  screw 'and f i r e d  in  place* : She ■ 
©leetrooax’diographle reco rd in g  'e lec tro d es  were then  stuck  . 
in  the  two fo re  limb© and' the  e a r th  e le c tro d e  in  the r ig h t  
hind limb (fig *  - . 35 ■ s e e . page 300 )*
Slow loading
.■■■:•. Compression. was' app lied  ©lowly. over a period o f a , . 
minute in-gaps' o f  .thro©.;, pounds from 0 to  27 lb  by .©low' 
ro ta t io n  o f th e  load ing  screw* Bach app lied  load was
'maintained f o r  two.m inutes! to - allow f o r  any gradual ''
p rosure M iM  . up i n  the  bone marrow*; Any v im  in  the  . 
marrow pressure fo llow ing  load ing  was permitted' to s e t t l e  '• 
befo re  the  next Incremental, loaci was app lied* '-
'P ast lo ad in g
S im ila r loads were ...applied but the ' process o f each 
.loading was. completed- w ith in  1 ;second* A fte r each' ©top 
of load ing  an o bserva tiona l pause o f 2 m inutes was allowed*
I f  any change - in  pressure occurred i t  was allowed to  s e t t le '  
to normal values* - In  m \th ir& ::ex^T im n%  a ©iiMetr loading',
o f up to 33 lb  w ith in  30 ,seconds.,mm also, tried*:’' ■
On com pletion o f .these .loading experim ents th e  needle 
was ■ checked f o r  blockage and the in s e r t io n  was -cheeked f o r  
leakage* I t  was accomplished by flu sh in g  the  needle w hile 
In p o s itio n  In  bone*. A sudden and marked r i s e  in  \ pressure
©a observed by the tra c e  and no leakage around the needle
a t  the. po in t o f  in sertion  indicated a  t i g h t : f i t  and no- ■ 
leakage* - The needle was subsequently withdrawn from the  ■ 
bone and flushed  , again  to  a s c e r ta in  th a t  th e re  vise a  f re e  - 
flow- o f 'sa lin e  through the needle*-. I f  th e . needle was' 
blocked the  -re su lts  were discarded*
The ra t  was k i l le d  and the femur d isse c te d  out* At
.the point o f Insertion  o f the  needle th e  femur was sawn 
and the c ro ss  sec tio n a l a re a ,o f th e ; marrow-was. l a t e r  measured 
from an "impression on paper*’: -
C ontraction  of the overly ing  muscles
: S ix  r a ts  .-were used fo r  th ese  experim ents* A fter  
':the cannaXation o f the ca ro tid  a rtery  a tra n sv erse  in c is io n  
.©long - the. knee-.Joint o f - the '-left le g  was' made*, fhe ; 
in c is io n  was prolonged on ly  s l i g h t ly  on the ou ter  s id e ,  
•'whereas ./It. .was • carried- much fa r th e r -on the in ner sid e*  : 
fJhc - fem oral nerve was traced  up in the gro in  and cu t :
; as - proxim ally  as p o ssib le*  '/-■ The -knee cap was severed  
from the t ib ia  and re flec ted  u p ard s, By hold ing  the femur 
/of the ■ l e f t  le g - o f  the r a t  In  th e ; 'le f t  hand and a lig n in g  
the d ir e c t io n  o f  the d r i l l ,  a h o le  was d r i l le d  in  the
/lo n g itu d in a l axis, o f  the...femur., through the condyle* The .
knee jo in t  was flu shed  with warm s a lin e  and the need le  
-feeding the transducer'w as in ser ted  deep in to  th e  marrow* 
A ll  m uscles o v er ly in g  the bone were then untouched and 
uh&isttrrbecU Ihe cut d i s t a l  end' o f  the fem oral nerve was 
placed on the b ip o la r  .electrode o f  the stim ulator*' Ihe 
330G- e le c tr o d e s  were inserted; in to the two fo r e  lim bs and 
the earth  e lec tro d e  in to  the r ig h t  thigh* Skin fo ld s  were 
separated by s e l f  r e ta in in g  r e tr a c to r  * and the m uscles  
were - dampened' b y  warm is o to n ic  sa lin e*  fhe - .-preparation 
i s  shown--in the'-fig* $9.
;iy. 39 ; lec trica l stiT .ulation of cut d is ta l end of the
femoral nerve to cause contraction of the overlying 
muscle.
BB8UM?S
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.A / ' ' HiStOMOf /
1* •' a* . Xntra v i t a l  methylene blue g
' She se r ia l/- tra n sv e rse  sec tio n s  o f .the 4 0 lumbar 
in te ry e rte b ra i-  d isc s  and -the b ra ch ia l. p lm i  o f e ig h t r a t s  
perfused with. 1$ methylene b lue ; in  normal .sa line  .warmed - 
' to  37°c y ie ld ed  in co n s ls te iit...re su lts* / Sometimes■ the-.brachial-, 
p lex i /picked up su p e rf ic ia l;. axonal.,stain.' ami a t  o th er 
times they did not® fhe d ise a l '.m a te r ia l remained unsta ined  
in  a l l  the.- 40 specimens from e ig h t rats® . ; .
. kaefe- of sta in ing o f the d iseal-.m aterial'm ay  be ■.
■ a t tr ib u te d  to  one o r  both  of .the .'following'".reasons
1® .'Avascularlty. o f - the-.discs-which''did-, n o t - 
... l e t  the.dye reach the t is s u e  
2* • ' foor d iffu s io n  o f .-.the. dye due t o : low metabolic . 
rate* . /  : ; :
Since, neither, of th e s e ’ two reasons -could be su b s ta n tia te d  
an experimental -s itu a tio n  in  which ’both ' objections-' were- /  ; / / ' / -
■ overcome, i s  to  be preferred® : Accordingly*' in  v i t r o  method : 
was- employed. ■
S e r ia l  tra n sv e rse ’ sec tio n s  o f 35 lumbar in t e rverte b r a l  . 
d isc s  :and 7 b ra ch ia l’p iex i of seven .rats-'excised, and s e r i a l l y  
.incubated/in hyaiuro'nidase-mixed methylene blue, so lu tio n s
B rach ia l plexus of r a t  s ta in e d  
w ith  . hyaluronic!ase mixed with 
1$. .methylene blue, in  normal 
s a lin e  I a t  ;37°0 • Xft' an incubator®
Section, o f a m a te r ia l .Incubated 
f o r  70 minutes*--
S ection  of \a 'm aterial incubated 
for.Bo minutes*-' '

were staid led® Siiose Incubated f o r  70 and 8 0  m inutes 
were, found to  give optimum results®  Again however* 
sta in ing  was inconsistent®., fhe  brachial p lex i allowed ; 
b e t t e r  su perficia l-axon al sta in in g , than in  the  perfusion -
* s e r ie s  but s t i l l  s ta in ed  and unstained  axons la y  alongside 
a t ,m any.,sites ( f ig .-  40)*' ■ P en e tra tio n  in to  deeper t i s s u e s  • 
did no t occur* -. The - d iscs* .though .sta ined  s u p e r f ic ia l ly  . 
a f t e r  ,long incubation* showed l i t t l e ,  d if fe re n tia t io n *  .
. 2. r ^
(a) JCoelle (1951)* modified by -Couteaux and Ooers (1954)*
: She tra n sv e rse -se c tio n s  o f the lumbar in te rv e r te b ra l  
d isc s  of r a t s  and c a te  sta ined : by th is  technique did no t 
-show any sign  of. a nerve ending in  the d is e a l  t is s u e  * Bie 
section s.•o f the paravertebral muscles show ed-positive re su lts*  
having^brow a.deposits o f  copper su lphide in  neu ra l t i s s u e ; 
some re su lts .w e re  discarded'as in  th ese  the co n tro l^  f a i le d  
to .stain*
' (h) A ce ty lch o lin este rase  a f t e r  lew is and Schate (1064)*
. ■ '-transverse 'sections of the lumbar in terverteb ral d i s c s ‘ • 
o f r a t s  and c a ts  s ta in ed  by th i s  technique did not reveal'-, 
any nervous structure®  Again* any r e s u l t  in  which the' 
c o n tro l f a ile d  to  s ta in  was discarded® In  genera l 
d i f f e r e n t ia t io n  in  the su cc ess fu lly  s ta in e d .c o n tro ls  was 
le s s  good than-that .achieved .-by the  method o f Couteaux 
and Coers*
. 3* B i m m  m m i m m i m
tran sv e rse  -sections' o f 'the -lumbar v erteb ra l"  bodies'. ■ 
and In ie rv e r te b ra l  d l b o b  of r a ts  ’and ..cate s ta in e d  by th is .  ■ 
method ■ had -’a -tendency: t o . tu rn  b lack  yepy, quickly  due’ to  ; 
fa s t ;  m etal .deposition* ■, .In the  .nectionsvof 'th e  ■iumber 
- in te rv e r te b ra l-  d is c s  the  ■ d if fe re n t ia t io n , was..usually. poor 
due . to- the ■ h igh c o lla g e n ' c o n te n t , ; ■ flow eyer,;sec tions.w ith  ‘. 
adequate d if fe re n t ia t io n , w ere .ob ta inedr ;-ant these  d id  not 
rev ea l .-any. nervous s tru c tu re  e i th e r  . In  .the lumbar 
in te r r e r te b ra l 'd is c B vo r ;the-:bodies .{fig* 4 1 )* .
b # • &le e  * s: and jla re lan d  * a 1 technique t
' f h i b technitiue proved, very su ccessfu l I n  th e  /author*© 
h a m s . She re su lts , were: c o n s is te n tly ' rep roducib le  in  a l l  ' 
the ' s e r ie s - : studied. . by -this method# At 'no time; could / nervous 
s tru c tu re s  he found in  the' lumbar v e r te b ra l '-bodies and ■ the 
in terver tebral d is c s  o f . rate..and cat# ’ n e i th e r  f r e e  nor /  
encapsulated nerve;endings were d iscovered In • the a n n u la r : : 
reg ion  of- the d isc s  ;.or tha c o r t ic a l  or--medullary'region. of ; 
the bodies (Plg*4S & 43) • v.
Some ...of- th e  human f o e ta l  m a te r ia l 's ta in e d  by th is  technique; 
and/, k ind ly  made' av a ilab le  to' the author’.by P ro fesso r 
Bowden'of the  Royal Free Hospital® School'of M edicine, 
U niversity of London - were also • ca re fu lly  studied,' ' Ho
nervous s tru c tu re ,w as  -encountered i n  these  m a te r ia ls - in  
s e r i a l  sec tio n s  of the  lu m b ar/v erteb ra l region- (fig*44)*- ,
A. T .f. Lumbar iuterverte’ ral disc (^4/S) sUo*dn:; 
posterior annular larellae  (ca t) .
b. T.S. Fifth lumbar vertebral body (cat) showin; 
posterior section of cortical and medullar one.
r 1 ?■ * * i  • 'ros" ' i else) ioksky ’ s tec jnique
A. T.S. Lumbosacral disc of cat showing 
posterior annular lamellae.
MS?*
L>. T.S. Fifth lumbar vertebral body (cat)
hi;-.. 42. 'Tec and arsland 's technique.
Transverse section of 4/5» intervertebra 1 disc cl a ra t.
tic:. 43. 'lee and i s l a n d 's  technique.
A. L.S. a t ’s vertebral column saominp 3/4 
in tervertelral disc posterior longitudinal 
ligament and the spinal cord.
b. L.S. of bat’s vertebral colam showing lumbar
vertebral body, posterior longitudinal liparent 
and the spinal cord.
Fig. 45 itanane's Technique
%* s
9 .  j
dig. 46 T.S. ikmm foetal vertebral column (10 - ee; old) 
stained by Panson’s method#
m m .w- rs
I * 47. T*S» Ha m foetal v e r te t  ral cc It-- : 
stained by Ranson's method.
e* Romanes methods
;■ ' f i l ls  technique worked - s a t is fa c to r i ly  and the 
r e s u l t s  'Obtained from the..discs, and bodies of r a t s  end-. : 
c a ts  were c o n s is te n tly  .'repeatable ' i n - a l l  s e r ie s , studied*
' Although the "henres. ■ and n e m ; ending could be - .located ■; 
e a s i ly  and c le a r ly  I n  control'm aterial* ; .no such stru c tu r es ' 
were, discovered .in any d isc  "or .vertebral .body# of -any 
o f ' the  r a t s  ■ o r  c a ts  studied'- (fig*  4 5 )#
d* Hanson8s method1 •
: S e r ia l  sec tio n s  of the v e r te b ra l columns o f human 
fo e tu se s  10 "weeks -old.; a n d 18 .weeks o ld  s tud ied  a t ' t h e  ■ . 
"Royal free : H osp ita l .thuough' the  kind perm ission o f P ro fesso r 
R*R*M." Bowdent s ta in e d . by th i s  technique f a i le d  to  sho?  ^
any n eu ra l ...element e i th e r  l a  th e  v e r te b ra l  bodies o r  in  
the  In te rT e r te b ra l’discs-' (fig*4d d47)#
4*/' OSKXTJT , ■
. All-. th e .-b rach ia l p lex i -of '.ra ts --an d -ca t's tu d ied ; by •_ 
t h i s ' technique ■ gave; 'p o s itiv e  r e s u l t '- fo r  the myelin : sheaths* -. 
l i e .  lumbar in te rv e r te b ra l  d isc s  .of ■ r a te  and :.;cats did-, n o t 
show any comparable s tru c tu re  to th a t  seen In  the  c o n tro l 
M ateria l*  ' ■ - T/V. . . .
.5 . ' ; SOhli.CHlOHIBH '•
ffhe lumbar in te rv e r te b ra l ' d isc s  .and the.: v e r te b ra l  
bod ies o f -ra ts  - aM .:oats: were s tud ied  ; by-' th i s  te ch n iq u e . ■ -.. ■/ 
.in -a e r ia l .transverse- sections*  ■ The results'.were con tro lled - '
A. Ltci;•! >osacral disc,
/
b. v'i£th lu5-ar vertebra.
F'i. . 48. S ag itta l section of r a t  verteb ral column stained 
by baomatoxylin and cosin.
rip . 49. Sagittal section of r a t ’s vertebral colunui stained 
by Weicert's baevtatoxylin and van fieson.
big. S \  isuman foetal vertebral column stained 
by haeratoxylin and cos in.

as u su a l .against, the b ra c h ia l  p lo r i  o f both the animals® 
-Reliable and reproducib le  r e s u l t s  were obtained® In  each 
. s e r ie s ,n o :nerve s ta in in g -co u ld  b e :seen, in  the v e r te b ra l  
bodies ;o r ; ln'te:nrer$ebral ■ d is c s , -« ;o> ■ ■
6 * ' / '  Aim m m i ' ' > .
tran sv e rse  and s a g i t t a l  s e r i a l  sec tio n s  .of the  lumbar 
in te rv e r te b ra l  d isc s  and the v e r te b ra l’ bodies o f .the. ra ts*  
c a ts  and human embryos- w ere s tud ied  * While th is- -method ■ 
i s  not s p e c if ic ■fo r  'nervous■tissu es*  these  sec tio n s  were
■ employed to. allow' o r ie n ta t io n  of the f in d in g s  in  th e  o th e r  
methods. .'Againr  no neu ra l t is s u e  was observed in  the  . 
v e r te b ra l  s e c t io n s . . ( f i g . ; 4 8  &'5Q)
7# ■ ; mt&m® ' s .Emmmmjm $m mn -aitsm
S e r ia l  'transverse 'and s a g i t t a l  sec tio n s  of r a t s  and 
e a ts  in te r r e r te b r a l  d isco  and; vertebral bodies prepared-, 
and stud ied  by th i s  technique l ik e  th a t. of. haeniatoxylin 
and easing -fa iled ' to'show nervous; t is s u e  in  v e r te b ra l
■ s tru c tu re s ' (fig*  .49)« . \  -
Conclusion
■Of the seven techniques employed * f iv e  (along with 
t h e i r  various v a r ia n ts )  were s p e c i f i c 'f o r  nervous t i s s u e s .  
Since a l l  the  's e r ie s  were c a re fu lly  and m eticu lously  
con tro lled*  and no neural t is s u e  -found.'..In'discs "or bodies*
Pig. 51. Trace showin the response of dorsal nerve
roots and external oblique miscle of a cat to 
experimental rise  in the intra-discal -pressure.
I t  must be'concluded th a t  nervous t is s u e s  do not occur 
; in  these  animals iii; t h i s  situation* • That the human fo e ta l  
.'m a te ria l f a i le d  to  show'nerves is .h ig h ly , s ig n if ic a n t ,
■'and one. can consider h igh ly  probable;, th a t  th e re  is  n o .
■ s ig n if ic a n t  in n e i^ a tio n -o f-th e se  s tru c tu re s  in  Ban* I t  
thus leads to  the conclusion  th a t  the absence of a , ph y sica l 
h e e ls  ru les, .out a p o s s ib i l i ty  ’o f a T e f l e r  mechanism in  
r a ts  and • c a ts  and probably ■ in  human be lags *. : Thus ■ the 
eompreesional .stresses may not be the immediate cause
of increased- intra^ebdoxninal pressure*
B ’■ : HIYBIC10G-Y' ■ '
. Increase, in  p ressure-'w ith in  any of - .-the. vertebral, 
b o d ie s 'o r  in te rv e r te b ra l  d isc ' te s te d ,, at"'no- time produced, 
any e f f e c t  on the a c t iv i ty  of the abdominal musculature' 1 
,o r.,ihe discharge, rate In the., d o r s a l1 nerve roots* In  a l l
■ cases - the:. In tegrity  o f the recording; system was .checked'' 
before and a f te r .;each .experiment by stim ulating th e' -■
.-muscles' and nerves from which records were being'made* 
i f  |e .5 i> *  ■ ■■■■' ■
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. .  vimrnmu ' - o f  . A c i - x m y  ■ ■ ■
STOOP '■ •/'. ' .
The experim ental d es ig n 'd iv id ed  the  '■ stoop  l i f t s ,  . in to . ... 
two clear, phases * lif t~ u p f phase and 1 Xift-down'V/phase* 
Baring ;the l i f  trap phase.'the subjects s to o p ed ’'.from -an : 
i n i t i a l 'uprightposture# grasped. 'the. weight by th e  bar#' :  ^
l i f  ted .-it# _■ placed I t  on the; ta b le  .and stood : upright again* • 
In .the lift-d o w n  'phase;'the sequence o f .events .reversed#' 
th e  su b je c t p ick ing  the' weight from the tabX eeM  low ering :: 
i t  ■ to  the;' ground before'' standing :;eree t« '. r-
ERECTOR, SHlilB
The a c t iv i ty  of th i s  phase'..began fro® 'the. standing , 
e re c t  .posture,.in a balanced and..relaxed -position .'with eyes 
to  the  fron t. : The -elctromyographic a c t iv i ty  of,;-this phase 
was variab le.' ..In.a number, o f cases th e re  w a s'a -slig h t  
spontaneous a c t iv i ty  .which was a sso c ia te d ,w ith ’ balancing . 
a c t iv i ty .  " Ho-, attem pt was' made'.to s i le n c e ■ .the' muscle 
before proceeding fu r th e r  w ith  the experiment* In o th e rs  
who-,stopd in  a com pletely balanced position#  no a c t iv i ty  
was ..shown on'; th e  trace*
• F lexion, o f ’ the  trunk t .-
,. As th e '' su b jec ts  flexed  to  acquire' a s to o p in g . postu re  
:s l ig h t  a c t iv i ty  was recorded-in the e re c to r ;  sp in ae . :
Tills a c t iv i ty  la s te d  from the beginning of f le x io n  to  
a f u l ly  stooped posture as confirmed by the cine film®
However# 'in  two female", and s ix  male su b jec ts  (no t in  'a ll-  
l i f t s ) the degree of a c tiv i ty 'v a r ie d #  p a r t ic u la r ly  when.
IKhey took some time in  ad ju s tin g  the p o s itio n  of th e i r  
hands;o n .the bar# o r  in  ad ju s tin g  th e  p o s i t io n 'o f t h e i r  
tru n k s .in  p rep ara tio n  f o r  the  lift®  Once a f u l ly  stooped 
posture was acquired# a complete s ile n c e  on the  channel 
was a lw ays observed .in  a l l  tout fo u r s u b je c ts i in  these  
su b jec ts  the:; a c t iv i ty  was markedly reduced a t  th a t  time*
One su b jec t c a rr ie d  ou t the  ex e rc ise  in  one continuous 
.movement# w ithout s to p p in g 'in  the flexed  p o s itio n  f o r  any 
s ig n if ic a n t  tim e/ as shown in  the cine film  analysis#  and 
.e rec to r spinae, a c t iv i ty  was continuous® The- p rocesses of 
flexion-and- extension  were not separated  toy a phase .of ■... 
f u l ly  stooped flex io n 're lax a tio n ®
I i f t in g  the w e ig h tsrnn-ir i/n'im.ii«u
Two d if f e re n t  p a tte rn s  of 'electrom yographic a c t iv i ty  
.o f e rec to re s  spinae emerged in  th is  phase o f activ ity®
In  one.# the s ile n c e  associated, with f le x io n  re la x a tio n  was 
broken before the on set'o f a c tu a l'l i f t in g  (13 subjects)®
B efore .the  m ig h t  l e f t - t h e  ground a plateau of a c t iv i ty  
.eat in  and fu r th e r  in creases  occurred l a t e r  during the 
process of liftin g ®  A nalysis o f the  cine film  revealed  th a t  
these  su b jec ts  during such a c t iv i t i e s  s l ig h t ly  extended 
th e i r  sp ines p r io r  .to the lift®  fills  ex tension  was c le a r ly  
associa ted  with the i n i t i a l  e re c to r  sp inae activity®(£ig3&&50*
I n  o th e r eases (2 7 -subjects);'the f le x io n  relaxation  was 
m aintained u n t i l  after.'-the-weight had l e f t  the ground
figV ‘
(fig*  /  1 n e a r ly  a second, l a t e r  a vigorous a c t iv ity  . - 
began* - In both  these .subjects the i n i t i a l  a c t iv i ty  of .. 
the muscle was o f a. low-'-level..w hich was soon followed • 
by in tense  a c t iv i ty  assoc ia ted  w ith the  process of 
extension, o f the .lumbar'-spine*' Xu'-.-lifts- (99 l i f t s  o f  
20 s u b je c ts , 17 males and 3 fem ales) where su b je c ts  tended 
to  break the * I l f t - u p *' phase in to  t?^o s e c t ions , one -of 
l i f t i n g  the weight an d 'th e  o th e r - p la c in g 'i t  on the ta b le ,
in v a riab ly  two 'peaks of e re c to r  sp inae a c t iv i ty  mere -
54)# ' ' 'observed (fig#  In  those l i f t s  where'the-whole-
• l i f t - u p 1 ^phase was /.completed l a  one smooth o p era tio n ,
a s in g le  peak' of a c t iv ity  .of the erector sp inae wee ■
recorded ,(151' l i f t s  o f  20 su b je c ts ,. 5 females, and' 15 males) 
55)*
(fig*  .'After d elivery  Of: the. w eight-to-the ta b le ,
the  peak .of e re c to r  sp inae suddenly declined  and pnXy-a. 
low le v e l o f a c t iv i ty  was le f t*  A- low le v e l  o f a c t iv i ty  
mas continued in /th e  ex tension  o f the  trunk  from the 
forward inclined  .-position*. Once the'upright'posture was . 
regained the spontaneous electrom yographic;,^ c t iy i ty  of 
the e re c to r  epinae o r  i t s  s ile n c e  was re -e s tab lish ed *
As in  the ♦ lif t-u p *  phase the  a c t iv i ty  of th i s  phase 
a lso  began from a balanced uprigh t stand ing  posture* In  ' 
th is  position- as described  e a r l i e r ,  .there was e i th e r  s i le n c e  
on the  e re c to r  spinae channel o r  only spontaneous p o te n t ia ls
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were recorded. Iiow le v e l- -a c t iv ity  s e t  in  as a su b jec t  
f le x e d  h is  trunk in  a forward lea n in g  p o s it io n  to  grasp  
the w eigh t ly in g  on the ta b le .  f b is  phase o f  movement 
e n ta ile d  e i th e r  a s e t t l e d  low le v e l  o f  a c t iv i t y  in  21 
su b je c ts  (n o t a l l  l i f t s ) f or a grad u ally  in crea sin g  
one in  19 su b je c ts  (n o t  a l l  l i f t s ) .  fhe l i f t  o f  the w eight 
from th e  ta b le  top  was in v a r ia b ly  a sso c ia te d  w ith  a h igh  
peak o f  a c t iv i t y  which q u ick ly  d ec lin ed  and s e t t le d  in to  
a low er va lu e ( f i g s
fhe s e t t l e d  electrom yographic a c t iv i t y  o f  the e r e c to r  
sp inae was a sso c ia ted  w ith  the s t a g i n g  posture* S h is  
p lateau  gave way to the second peak when the su b jec t  f le x e d  
to  sto o p  down f o r  the d e liv e r y  o f  the w eight to  the ground.
I f  the su b jec t acquired a f u l l y  f le x e d  postui^e during t h is  
d e l iv e iy  op eration  then the e r e c to r  sp inae became s i l e n t  
aga in . A f i n a l  ou tb urst o f  a c t iv i t y  was recorded when the  
su b jec t regained h is  u prigh t posture a f te r  com pleting both  
phases o f the op era tio n , f h is  a c t iv i t y  always remained a t  
a low l e v e l .
E xternal o b liq u es
In general* d e sp ite  a c a r e fu l and m eticu lous p rep aration  
o f  the sk in  f o r  e lec tr o d e  a p p lica tion *  p ick  up from the  
ex tern a l ob lique m uscles has been small*
' l i f t -u p *  phase -  A sh ort ou tburst o f  electrom yographic  
a c t iv i t y  b efore  the actu a l l i f t  s ta r te d  was o f common 
occurrence, f h is  a c t iv i t y  e i th e r  subsided  b efore  th e  w eigh t 
l e f t  the ground or was continued and merged w ith  the a c t iv i t y
o f ' the "weight . l i f t ,  fhe .v a r ia t io n  was not c h a r a c t e r is t ic .
©f : subject© .and both  pattern©, did  ;appear in  any one su b je c t, 
f ills  b u rs t  always followed th e-b u rst'o f the  e re c to r  sp inae 
a f t e r  a time -lapse, o f  .0 *4 .to  .1 second and i t s  amplitude• 
©Xways mm&d'-M :be .related  to  it*  Absence o f the e r e c to r .  
uptim e b u rs t  - was - accompanied by the absence of th is  b u rs t 
i n . the, e x te m s l  o b liq u e .
-■ fhe- external''. ob liq u e muscle was thrown i n t o  violent . 
a c t iv i t y  e i th e r  co in eM en t w ith  t h e ; w e ig h t le a v in g  th e  •
ground o r  between 0*4.-to O*2 second© b efore  the w eig h t l e f t  
th e  ground* th is ,  a c t iv ity 'r e a c h e d , a peak a sso c ia ted  w ith  
the peak o f  the erector..spinae and.sharply declined"'' 
im m ediately afterwards' a lo n g ,w ith  th a t  o f  ©rector spinae* ‘
As t h is  moment passes* i t s  .peak dropped to a su sta in ed  
l e v e l  .where: i t  -steyed ae long as th e  su b jec t  was h o ld in g  . 
the w eight:.in  a s l i g h t l y  f le x e d  p o s it io n  as confirm ed fro m ..' 
the cine f i l a r  ; A-.@econd. peak in  th e > lift*»up# phase after'-' 
a - sh o rt d uration  o f ,su sta in ed  a c t iv i t y  , was created  which \ 
e x a c t ly  matched th e 'ca r ry in g  o f  w eight forward - f o r  p u ttin g  .. 
on th e  ta b le*  ''Once th e ::-weight’; was placed on th e ta b le*  ; th e  
eleotrom yographie a c t i v i t y . o f .t h e .e x ter n a l .ob lique  
disappeared* ,
phase <»• ' A fter completion o f the. l i f t - u p  phase... 
there;,was a prolonged s ilen ce  in . the ex tern a l oblique* ..
I t  •.coincided w ith  the. beginning o f the ' l i f t in g  o f the weight 
fro® the tab le*  ' At. the tim e 'w h e n  t h e  w eight' l e f t ,  th e  'ta b le  
there was a peak o f  a c t iv ity *  : fh is -1 peek was sh o rt lived . • 
m d  dropped alm ost im m ediately t o ,a  su sta in ed  l e v e l  which
la s t e d ' f o r  nearly th e .' whole o f the l i f t *  . In '14 su b jec ts  
a eeooni peak, a lso  appeared•.- ju st when the w eight was b ein g  .;, 
d eliv ered -.to  the ground- (fig*  5 8 ) * . Hi t s  peak e i th e r  suddenly, 
.decreased' o r  gradually- d ec lin ed  over © period of about one"  
■second b efo re  com plete a lie n e e  was ' r e -e s ta b lis h e d « -fhis .; 
second,,peak was. a sso c ia ted  w ith  the peak o f e r e c to r  sp in ae  
a c t iv ity , and. of.- the.:iatra. •©Momihal'pressure* :;®tm film  •
© n alysis ©hows;that , the tamtik at' t h is  time- i s  in  a phase 
o f  advanced f le x io n , (fig ,.. 21 A)* " '
Heart r a te  . fh e  p attern  o f  he.art'-rate ;ha© va ried  In' the  
a e r ie s * - frank sto o p in g  was associa ted ' w ith  ©'marked 
bradycardia’ in  n ine su b je c ts  and i t  has been .observed  th a t  
d ep ressio n  o f  the heart' r a te  was g e n e r a lly  a sso c ia te d  with' - ' 
sto o p in g  and th a t the su b seq u e n t.r ise  in  h e a r t  r a te  was 
d e la y ed -u n til'to w a rd s o r  . .a f t e r ' com pletion  o f  the ex erc ise .,;
. In  17  ea ses  the. stoop in g:.depression• o f .heart ra te  was 
marked, o f  sh o rt d u ra tio n , arm was follow ed by a prompt 
r i s e ,  w h ile  In  23 c a se s  it-w a s  spread out in  tim e, A fter  
a f e w - l i f t s  in  moat sub j e o ta ,  .a .c le a r e r , pattern" emerged, . 
trio peak h eart - rates- becoming e v id e n t : in  assoc ia tion  w ith  
t h e  two moves o f  the-© toop l i f t *
/  In  the stan d in g  posture the intra-abdom inal p ressu re  
-f lu c tu a te d  about a mean v a lu e .co in c id en t-w ith 'th e ,'--resp ira to ry  
■ c y c le ,.  - Hie peak to  peak am plitude o f - t h ie  pressure
f lu c tu a tio n  in  t h e ’p resen t a e r ie s  lias never exceeded 3 
o r  a t  most. 4 tm. o f mexoury# .-In sp ira tio n  was assoc ia ted ./
, w ith . a.:ti^ttgh - o f  low. p ressu re  whereas' e x p ira tio n  ra ise d  - 
th e ; pressure*. A ll .meas.uaremeats’ have. been ca lc u la te d  from./ - .
. th e  .mean...of v these, two ■ le v e ls  which has"been, tensed ; 
th e ..r e s t in g  p ressure*■ Hie c y c lic  'pressure'' f lu c tu a t io n  . ■ -
w i ii(jiw w r w ' w <n j ' iiiii\i(i i i i i w i i i » i i i i.(  i l iiii ir fP f lM M i;  ytm q t w i g c . a m f t m p  ' v  * * • . . .
■ about th is /re s t in g . ' pressure- became more es tab lish ed  and, 
pronounces; wk©n;.;the su b je c t had been e i th e r  s i t t in g -  o r  ■'' - -' 
standing; i h .« re lax ed -p o stu re  -for some/time*.; With in ten se  : 
.a c tiv i ty  the  cyc le  became d isto rted* '- ■ / I
■ fh e  c y c l ic  pressure changes -continued t i l l  ju s t  b e fo re  
th e s t a r t  o f---th e -lif t" in .B O st-o f  th e /s u b je c ts  w ith  low er  
w eights* With m oderately’ h ig h er  .w eig h ts , however*'©■ trough  
s e t  in -;b e f o r e :the-' l i f t  /but-, the.: pressure was -restored  to" ..-■ ■ ‘ 
the restin g -p ressu re'' ju&t'.hs.. t h e - l i f t  began* fh e  tim ing, o f  
th e 'b eg in n in g  o f  t h i s  n eg a tiv e  'p resen t-tfa s  n o t-fix ed *  ; 
Sometimes .-it co in c id ed  .and ; a t ;o th ers  fo llo w e d ■ the ou tb u rst ■: - 
o f  "elsetroi^rographic ' a c t iv i t y  'in th e  e r e c to r e s  sp inae* ...,/’ 
fk u s 'th is  "happens^’e i th e r d u r in g - th e p h a s e  o f - f l e x io n  o r  in  
a f u l l y  f le x e d '-p o s it io n ’ im m ediately p r io r  to  th e  l i f t *  ■
With fu r th e r  '■-increases' in  th e ' w eights to  be l i f t e d  th e  
m agnitude'of--this negative p ressu re  p ro g ress iv e ly  in creased , 
an t’ l a  -7 ca ses  f t  had reached below -  9 mm o f mercury* .
As th e  time o f  the l i f t  approached, .'the- p ressure, re tu rn ed  to  
th e  . r e s t in g  leve l*  • and;, t te n  'rose to  exceed th i s  'a s  /a sm all, . ', 
peak o r  a su s ta in ed -p la teau ''b e fo re  the  weight l e f t  the  gro.uM
fhe 'magnitude -of -th is  ■’©mall' peak o r  su sta in ed  p la teau  i s
dependent o n 'th e  magnitude o f•■ the  trough '1 and has s im ila r"  
values* : ' '' : : : ' ■: .;■■
A© "the '.'weight l e f t  the  ground th e re  was a marked 
r i s e  ih  ‘ihtr©  .-abdominal . p ressu re  from the re s t in g  as. w e ll 
as from 'the-.-eustained preltm ihsxy p ressu re* ; th i s  .r is e  in  
in t r a  abdom inal\pm0Bure w ith  l ig h te s t  w eights b e g in s 'a t  
. th e  same as "the a c tu a l l , f t  o f f  and"reached a maximum 
' -as 'a  sm all peak, on the-.record* fhe peak, value was 'reached 
e ith e r-  a t  th e  same , time -as th e  w eight l e f t  the ground' o r ’ 
up to  -0*2. seconds, la te r*  .With su ccess iv e ly  in c reas in g  
w eights . th e re  was a tendency -for th©-; pressure' to  s t a r t ' 
r i s in g ; .e a r l ie r  than .the- a c tu a l l i f t -o f f* '- :  .Generally th i s  - 
' time displacem ent' ranged' •from 0*2 to ' 0*4 seconds, h u t in  
18. l i f t s  o f ..6-"subjects., t h i s  .displacem ent was as much as-'
.0*8 seconds# ■ H ie -p a tte rn ’o f t i m  displacem ent ha© not-been 
found to .bp  c h a ra c te r is t ic - o f  ind iv idua ls*  A ll v a r ia tio n s  
were recorded in  any one.,’su b je c t* - . fhe. '.peak--point o f- th e  - 
ra is e d  p ressu re  was-.mostly’.d isp laced forward in  time by 
-0*2 to  0*3 seconds b u t - i ts ' coincidence, with- t h e ' moment - of ’ 
l i f t  o f f  was a l s o .no t uncommon* ' .Hie"shape o f  the preaeure ' 
peak became more'., and more s te e p  w ith  r i s in g 1 weights*
A fte r th e . weight l e f t  the-ground .the; p ressu re  d ec lin ed  
and reached 'a 'su s ta in e d  lev e l' where i t .la sted  fo r  the ' r e s t  
of t h e - l i f t  u n t i l  th e  process .'of.placement., o f  the w eight 
on th e ' ta b le  began* As the ' weight.was c a rr ie d ' forward w hile
keeping the p osition  ’o f : the fe e t  f ix e d ,.;an Increase in  
pressure was ©gain.begun*.. • With sm aller-weights t h i s 1 : 
pressure r is e  was." e ith e r ; equal to or less' than ’th e : l i f t  o ff  
pressure, and reached • i t s  maximum• invariably before the .. 
weight.. was. .placed on, the- table *■ - fh e : occurrence o f  th is  , 
peak was - rarely  e a r lie r  than 0*4  seconds from the time ; 
when, the/w eight .was .-placed on,the ta b le 1 and -generally 0 * 2  
seconds .before*-, fhe shape; of-.-this - secondpeak-.was: s im ila r  
to;.the. first-o n e- with.-a . f l a t  /-or round top w ith sm aller ■ 
■weights.With increasing welghtsg' these -peeks' became steeper  
and approached the'Magnitude., o f  the l i f t  -o ff pressure peaks* 
With individual variation s -within the - range o f 25 kg* to  - 
40 kg*- the second - pressure peak markedly exceeded' the, f i r s t . 
one.* In  a Maximal l i f t  by a /subject this- d ifference, may ., 
reach  a  magnitude o f between 15 -to 30 ram of mercury* When 
the' weight had-.been, placed cm the  -tab le ,' the- p ressu re  peak . 
suddenly declined  and reached 'a . v a lu e - s l ig h t ly  above the  
re s t in g  p ressu re  whence i t .  g rad u a lly  .receded to  th e  l a t t e r , 
with sm alle r weights*:. . A fte r hand ling  a h eav ie r weight the 
second peak suddenly declined to a pressure : appreciably ’ _ : 
above th e  - re s tin g  pressure from where - i t  ■ slow ly dropped* -
■ fhe Summation-of the: • lif t:"  down*. phase - was' . accompanied
by changes s im ilar, to . those, in  th e .4 l i f t  up1 '.phase* : With ' 
sm alle r - w eights ■ the - pressure' im m ediately ' b e fo re ; the  l i f t  " 
from ; the  - ta b le  remained a t  - the  '-resting "pressure '.level; b u t ' •
w ith the h eav ie r w eights a trough of negative  p ressu re  
developed immediately-'before/the - l i f t  from the tab le*  . :
fhe tro u g h / la s te d  fro ® . 0 .2  to  1 second before the l i f t  
'began* fhe duration of. the..trough and the time re la tion sh ip  
w ith  th e ; l i f t  .had not .been ■ found. to;; b e ,o f  a  fixed  p a tte rn  
In  any subject* fh ia  depression ' d id  not b ea r a  f i r e d . 
re la tio n s h ip  w ith  electroB yographie ’ a e t iv i ty  of th e .' 
e re c to r  -spinae d u rin g 'th e  s l ig h t  i n i t i a l  f le x io n  needed to 
■ grasp, the weight* ' However, unlike th e  * l i f t  up1 phase, the  ■ 
trough d id 1 no t -give way e ith er  / to . .© restin g  pressure o r  a 
e l ig h t  su sta in ed  p ressu re  befo re  the  weight was l i f t e d  
from' th e  ta b le ,  end in-m eet oases i t  wae"continued f o r  up - - 
to  0*2 seconds befo re  th e 'a c tu a l  l i f t  o f f • ;
£ u st.’a t the moment when, the weight l e f t  the ta b le ,  
a pea l o f I n t r a  abdominal p ressu re  was recorded , which 
increased  a e r ia l ly  t i l t h  in c reas in g  w e ig h ts ,’ . With sm a lle r  
w e ig h ts■i t  resembled the magnitude- of the peaks o f the 
l i f t  o f£ of  the  l i f t  up phase-,- However* w ith  im rea in g  - 
w eights, the Magnitude, o f th i s  .peak ro se  markedly; and -: 
w ith in  the range ’of 25 ;to 40' kg*' ■ i t  exceeded bo th  the, 
previous, peaks*' In  time t h i s ’ peak h as-u su a lly  been found 
to  co incide w ith  the  moment o f l i f t  o f f  fro® the ta b le ,  
though in  a few l i f t s  o f 11 su b jec ts  a time displacem ent up 
to  0*4 seconds has been recorded, ".'-Once, the  w eight was' ; 
l i f t e d  from the ta b le  the .pressure suddenly'dropped to a ' 
low su sta in ed  . pressure*.- . M subsequent f i n a l  peak s e t  in  
again  when the su b jec ts  stooped to  d e liv e r  th e  weight to. 
the ground, Ihe magnitude’ o f  th i s  peak was sm all, and- i t
was ■ u su a lly  l e a s ' abrupt* than  th e  others*- .She peak was 
coincident .with placement of' the';w eight on the ground» 
though:-in'aoriie- i t  ooourrel'U p 'to  Q„4- seconds befo re  
oo&taot- o f - the .w eigh t w ith the  ground* .After d e liv e ry  
the p ressu re  declined s te a d ily  to  reach  the re s tin g  level*
/
sAGMEDiffi m o m m n  m. $ m m  m niim . btoop sifts
■'fhe, range;' o f s a g i t ta l-  m obility .o f-the lumbar: spine- ■;
'&&■ mesa tired-..by the angles con tained  between .the two . .■ ; ■ 
sp in a l markers shows considerate*  in d iv id u a l .v a ria tio n * . '
The amplitude .of movement in  ,m y  om  su b je c t d u r in g "" 
stoop  l i f t i n g  w ith  d if fe re n t;  w eights remained ■ re la tive ly  • 
constant*, However.$ w ltM n ‘th e  Bmair range o f v a r ia t io n  
in  any* one s u b je c t  a  .redaction i n  th e 'ra n g e  of movement,. 
with, in c rease  ,in  w eight 'l a  ev id en t, . Further^ the  downward 
movement, o f the  weight is . accompanied by .greater m obility  ' 
in  c o n tra s t  to. the upward movement*.
The reduction  in. range o f m obility  with in c reas in g  
w eights du rin g  s toop  l i f t i n g  was observed- einem aiograph ically  
to  he associated with' email' 'increases' in  the  amount o f  
te e e  f lex io n  occurring  in  th e s e 'l i f ts , - :  ' -
Subject 10 Kgo ■ 15 20 Eg* 25* %4 .30. Kg-
,«p., Da . m - On Op Bn Bp Bn Bp
1 AC mm _ 56 - 55 , ~ ' : ■ 56 ■■ 55 56
2 .AH/ 55.v , "?4: V 54, ;■ 54 ■ 54 54 ;;>3: v ■ 54' 533 BS : 49 - 48 ■ ■'49';' :. ■ 49 : 49 48 48’ . 48 48
' 4 CH , . 50 v:- 48 ..?=■ : 5.0 48 ;■ 49 ' 48 49 ' 49 48
5 ca mm 49 50 ~ i 50 50 49
6 OX 50 57 ; 50 : 57 50 55 49 55 49
7 D1 i ,mm 57 56 - mm . '58 ' ,‘.,58 58
; 8 BB-i. ■. ■55- 59 54 57 55 60 55 ; .59 53
9 BI 50 ; 50. ..■ - .49 = :; 49 : ■ 49 49 , 48 50 4910 BB - 55 57 m - 55 57 54
11 EB : .'"■48.' 51 ■ 49 ;‘.'■91 49 50 48 50 49
12 El A 7- 50 47 . 49 ■ 47 49 45 . . 49 45
13 HE ' 50 '5 3  ■ , mm mm 50 52 48
14 HB ~ m- • 52 . 55 ■m - 52 53 .' .52
15 HE 54y  54 ■:■ ' 54 55 , 54 53 53 53 51
16 KS ^59- 63 60 , 63 60 ’63:. 60 62 60
17 K1 m mm ■ 48 50 mm - 48 50 48
18 EE' : ■ ■ mm ; 48 ' : 54 1 49 : 54 50
19 :EP v' ' 51' 54 51 ■; 53. 52 '54- 51 54 51
20 HP : 4 7 51 - ' ’ 46 51 47 50 47 50 4621 MS ‘ 51 54 - 52 54 51 54 ' -51 • " 53 ' 50
22 00 ■. 46: - ■'V:50.:- 46 50 46 ' ■49 ; 45 49 45
23 VS - • mm 48 .' .50 '■ . v; •; 48: 50-. 48
24 F3 ' <*m ■ ■51. 53 ... .51,, ; :53 5Q 52 50
25 HD : m ' ■*» . .52 -;'' -59 mm .53 59- 53
26 SG: ■ ' mm mm 51 :':-55:;;. mm !"■ 52 ' ‘ 55 51
27 SI> - ' mm f .55 ■. 55 - ■ .55 ' 56 55
28 SI 49 53 -• .49 '■ 53 48 53 48 53 48'
29 2E mm ’ ;; ; ~ ' ■ " .' 47 ■ "48 . • .** • 47 . 48 47
30 m : ~ , V ' ■ 52 : . 55 ' ■'** ' ■' ; 52 ". ";54-^ 51'
31 .wb. ■48" 49 ■■ ■ .48 ■.■/.4s,; ■ - 48 a s ' : 47 , 48 " 46
32 .WE *■* : .  ^ , 58 57 : met* ' m 57 57 55
* " ,5t  52
k  : :g  «
IM,48m50 >'■''! 48
5  i
5? ' ?.•: 56
6  - 5 3  
49 i: - - 48 
55 '[’.Tji 53
48
49 X'A 46
# '  f  I 485,'4' i 52 
\  A 52
60 n 59
$ > - k 47
' ■ I 50
■>: t r ;  
Jtl
Bn
53
53
47
47
48 
53 
58 
55
49 
58
49
48
50 
55 
50 
62
49 
53
1 *■ 52 54
'in ' 47 50
50 52
1; 45 49
?i 47 49
* 1/
V 50 52V V i 53 58'
‘ *
* 51 54
55 59
47 52
/ / , 47 47
I f  51 54
V ( 46 47
55 54.
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10 Wff'mr# 15 ECU - 2 0  S ff :S* 25 K$* 30 KCr. 35 ice.
VP . Bit : Bit Iff ; t?P ,3)11 . IIP . .3)1 tip BII
BB- 30 49 . ■48 49 ,‘49 F 49 , .46: . . 48 47 ■ 4 9 ■ 47 46
■B5f 54 53 53 53 53 .52 52 47 ■.47 46 47
PS , 59 58 59.'.'" 5 7 58 56 ;, ;:99 . . <*>» 4K» *t»
fS. 53 51 53 52' 53 ■ 50 50 ; ' 51 w ' *». - - «m»
IK 49 S3. 49 >3. 48 53 . 4 7 52'' ■t 46 ' 51
LB 55 56 56 55 53 ¥* ip*»35 53 55;-' 52 ' 54 •  ; -
MB 50 54 ... 50 50 50 46 48 ■ 46 50 53 —
'jraliM 56 55 56 55 56 64' 54 54
MMamsNWJWWSWi
83'
wtac^grtaeaawg
.-' 53 ;' 83
Bach s toop  ' l i f t  In the ., p resen t in v e s t ig a tio n  
involved two f le x io n s  and two extensions of "the spine 
on© w ith  the  re le v a n t weight and the o th e r w ithout It*
She. ranges of s a g i t t a l  m obility  during comparable weighted 
•and unweighted * lift'..up* and * l i f t  down1 movements are  
sim ilar*'. th e . lower lumbar region h a s: bean found to be 
.more mobile than the; upper one i n -.30-su b jects , throughout* 
'-However, in -three males end two" fem ales the upper, lumbar' •
• segment;showed a greater m obility' throughout* In .th re e , 
males and two fem a le .su b jec ts  su c h -a pattern, was observed 
during one o r  two l i f t s  and the rest..o f  the  l i f t s  were l ik e  
those o f‘ the .majority, o f th e  population under study* ■
Big accompanying--table g iv e s ’.the.'.full d e ta ils  of th i s  
difference* .
two le v e ls  in  males* ' P o s itiv e  and negative f ig u re s  slioxi V’ 
the . numbers.- of degrees -bjr which the m obility- of the 1gw|$%, 
le v e l exceeds o r f a l l s  sh o rt of th a t  of the upper lev e lj- \
]"i,
:V *-
£-1> M
Sub­ ~ n z r m r ." I T V 23 TZB^TT T s o s r r
i
1 „ -35 EG. 40 ICG-*
je c t ;.WP PH UP : m ■ - UP ■m . UP p t r -U P PH I- R t mi UP m
1 AB ■ — 1 2 "'•14 - — 12 14 1 3 14 ! ' /- ' 1 i-i2s** * 15 13 1 4
2 AH 8 ; . 8 ' 6 7 6 8 6 8
4?£ «*4  5-
‘4 ^
-•14  ^ *
7 : 5 8
3 BS
4 CH
10
10
12
16
1 0
1 1
11
1 9
11
11
13
16
10
11
11
15
11
11
12
16 N1 ^
11
16
1 1 10
• ■
5 Cfi • -1  ; -1 *• . — ■. ■ -8  ,. -1 = -1 -2 r .1 ;v«''*^ 2 -2 0 0
6 CX 4 1 3 6 1 \ 2 . 3 ■2 6 jr Vtftffa1  ^ , 3 1 3
7 BB - -mi*- ' 8 10 m - 6 1 9 7 10 \ ' f
10 .8 10
8 BB -3 ■; ~5 ■-5 -5.- ■ -2 ; - 4 -2 -1
i: ."V -1 -2 -2
9 Bli 14 13 14 ■ 13 15 12 15 13 16 12
! . 13 13 12
10 M3 .W 6 5 •» 6 6 6 ' 5 I *
% VK>> 6 5 5
11 EB 11 10 XI 10 10 12 11 10 11 11 t> 13 14 12
12 El 8 10 .-8 10 9 10 9 11 7 12 i* ’ “'i8 11 9 12
13 HE - 6 10 - - 7 1  ■; 6 10 - 10 11 10
14 HB - >  . 9 12 ~ -  ■ 10 1 0 10 12 1 •%i * 11 12 10
15 HR 8 9 7 9 8 8 9 7 8 7 r 7 9 7
16 K2 11 13 10 11 9 14 10 1 4 11 16 ?I 4 '11 15 10 14
17 EL .** m 13 15 ' .. - • 13 1 5 11 14 ,.ib 14 13 15
18 KIT - - 7 5 - 7 5 6 5 I . ;|-7 6 6 7
19 KP. 10 10 10 9 10 9 9 7 .8 10 ) v$1 f 8 9 7
20 IP 8 , ■ 7 6 7 s 8 7 , 6 .V 9 J
r-1»• ■ r* ■ 7 6 10 5
21 MS 19 11 20 15 18 17 19 21 14 20
| ,  1 ■13 19 14 22
22 00 13" .13 13 14 13 - 13 11 13 12 15 r '44; 11 14 12
23 PI — 5 4 — «* 5 2 4 ' ' 6 f . *»•>'! } anf 4 5 5 3
24 P8 • « ■..- -  . 10 11 13 12 15 11 13 10 J 14 12 12
25 HB — - 10 ■3 — « 10 2 9 3
ft r
I C’I sT f * r
,'JLi'J ^  * f 2 10 3
26 RG - — 9 11 - ■«. . 11 10 10 10 14 10 12
27 SB - ~5 -5 ~g -5 -5 .  ...5; -7 -5 -5
28 IK 3 2 4 2 3 3 4 5 3 ■ "■ 5 1 \ t '2 4 1
29 IS ~ . ■ 9 13 ■- 10 11 8 16 1 4 -'7A r 11 - -
3 0  we - - 13 15 ~ ~ 13 14 15 12
f M
•'^1 13 14 14
31 w& 7 6 8 5 5
; 5
7 8 6 9
" 4 1
8 ' 3 4
32 WE mm . .. 2 . '3 • 2 2 ■ 3 3 i v * jt  '  * j
4 -v
4 4 4
! ry^,,r ,,‘...... ..1.... .
m - ' . ' r  . .. - -- ?  ^«.■* *
1 *4 ! 4" : ■ ' I J  f i ■• - " j ' \
f -  Jufu *<-'. 1
fa b le  H . showing d if f e re n c e • in  angular m o b ility  .at ;£h@ 
••-.'.two le v e ls ' in  females* - • P o s itiv e  and negative  f ig u re s  
' 'show ;the  number of degrees by  which m o b ill t j  o f the  lower 
le v e l  exceeds o r  f a l i a  sh o rt of th a t  o f the upper level*,
Sab^ : ;i 6 e # .: ' :/i5 K». \  so  m*  ■ 25 kg. 3 0  z$ . . 3 5  m .
j e o t ■" -
r o .  - m -  m .  m  ■ w  m  ,  t t p  . a i r .  u p  b i t  . t i p  bi?
rtw i c r  M in 1     Tm— i < ri ’w m M  .p u n y *  iw nw wmir ' i r  <i f i m —ki j rgrwn r  'w w ianertiii ■« i'» ww<y  i
1 BB. 7 9 8 ; 5' 9 ; ■ 7 ' -13 io 5 • 3 3 ■ 6
2 m  : 13 9 " 9 . 1 1 8 ■ 9 d.-7 : -3  ’ 10 • 8 ' 20 8
3  m 1 - ' 1 ■ '■.I'-: 2 2 -3" ■; 1 ;d ~ - -
4 PS ; 11 , 14-. ' 12 11 3 11 : 11 13 ;■ - * -
5 UK 0 5 ; 2- 7 O ■ 5 1 ■ 6 - 1 4 «
e m 14 17 :..19 2 1 11 1 8 1 9 16 • 1 2 20 ~
7 Ml . -7 : ~9; -11 - 1 0 -8 -12 -10 -12 *»o** -11 -10. , -8
8 TO- -8 -1 0 ~9 - 1 1 ■ -9.. -13 -7 -11 -8 -11- ' -9 -13
l a  the p resen t s tu d y ■ the  c r i t i c a l  le v e l a t  which 
. lum bar:ex tension  began has been'found to  be v a r ia b le  both, 
f o r  d if f e re n t  l i f t s  o f the .same-subject and the same l i f t -  
by d i f f e re n t  subjects* f o r  a given su b jec t the value of 
th i s  c r it ic a l'h e ig h t, f o r  w eights to  -be l i f t e d  befo re  s p in a l  
ex tension  begins i s  lower w ith  low er'w eights ..and h ig h er ; 
w ith  h ig h er weights® ' G enerally ■ the  f i r s t '  few w eights have-- 
th eir / c r i t ic a l  heights c lo se  to g e th e r b u t l a t e r  a p rog ressive  
.increase s e ts  in .  fke c r i t i c a l  h e ig h ts  of various- l i f t s  
a re  shown in  th e  fo llow ing  ta b le .  ,
£able 18 cliovring the c r i t i c a l  h e ig h ts  a t  which lumbar 
ex tension  began in  d i f f e r e n t  su b jec ts  in  d i f f e r e n t  stoop II iW''
Sub­
je c ts
10. ICO* 
e r it*
: lit# ■ 
i n  cm*,
15 KG, 2p m . 27 MK 30 m . 35 EG* 40 KG. 45 ICG* 1*'■4
1;
• b - ... ..
50 £G*
*'■■ A
55 KG*
1 AD •» 17 « ■22 r ; 27.5 31 38 46 I t  45 tot*
2AM ■ -5 . - 3 19; 5 29 29 \ 36 41.5 .. •41o8 ' ■i'i.U 53 53
3 BS ; : 3.5.;' ' ’ 3 ':'; ■4' 6 ,, 7 ■ ■10' ; 18 45,5
. f £  
3
1-7 - mm ■
4: cm , 17.5 23 31 .38 'v' , " 4 3 . 5 , ; . 53*5 - ■ mm 1’“l
• ■ ' 
V 0m
s e a •to 25,5 mm -• . 31 4 2  ■ 51 S3 ■mm ! , mm
6 OX xo ’ ■ 12.5 21 ' : 27 ; 32,5 .41. ; 50 61.5
I
aw ■mm
7 X'Xi tov ,9 . . 23 ; :2 7 .5 : . ,47 53 59
3 V*
62 ■ -
8 BB 5 ;■ 5.5 12 ; 21 :-\29 ■ ; 37 ‘ 46 51 '> --4ft ’ 5 6,5 53
9 DM 10 10 12,5; i 6 ; ; 20 ’ , 27 36 ; 36 I: 42 51
10 DD •to : 18 ■ . : ;'.23.9 32 • ■ . 41 ■ 47 Si' - 48.5
A 1.
i - 1
i •to —
11 BB 16 15 17 26 ' ‘ ; . v-38 - 41*5. 51 .53 A' • .59*5 59
1 2  r a 11.5 19 21 29 ■ s'33 39,5 43 49.. P|4 8 .  : 52.5
*13 HR «« 13 2 8 .' ' 32 38 ■ 46 . ** h' ■ \ ' — -
14 HB .***• 9.5 20 27 34.5 47 51 ^ 5 5 ,5
15 HU 5 15 21 ‘ 28 33 40 49 ■ $1. ;52 56*5
16 KS : 15 21 TO***./ 23 . 31,5 40 . ; 45.5 46 I . mm
17 KB - 13 ■mm 17 23 35 47 4 7  ' *i /. 4'.: mm 46
18 Iffi . - 13.5 -  ■ . 21 '■ 32 ; 3 7 45 43 v:'q 49 47,5
19 EP 19 26 3 1 ; ; 38 ;‘ ■ 39 45 46.5 57 i - mm
20 IP 7 10.5 22 , 20 . 23 30 41 41.5' 43 49
21 MS 12 10 11.5 ' 19 23 31 38 49 •' 48 58
22 00 11 ■' ' 11,5 20 27 32 ■ ' 40 45 46
iv*i
—
23 12 •to ' 13 mm 1 7 1 7 29 34 41 *r . 50 49
24 PS 20 23 31 V 36 43 50 52 "v mm' «>»
25 HD -  : 19 - 26 2 8 34 41 46 1 47.5
26 EG m» 21 - 33 41 4 7  ... 54 53 > ! 55 55
27 SI- - 23 2 8 37 4 3 : 47 54 'ffih„.i 57 60
2 8  m? 15 21 21 ■32,5 4 1 .50 .' 49 53 ,
S + $ 53 mm
29 SK ■mm 23 to. 31 ■ 42,5 - ; ■50 ■4m 57
i
«. ■ mm
3 0  m mm 29 mm 40 - 5 i ; 53' 62 63*5 ■«** ' ' mm '
3 i wi 21 23 28 3 3  : 4 i : 49 ;■ ■ 52 58 . 60 «to
32 !?fi ■to* ' 21.5 ■29 , i 35.1' 4 1  ' 46 ■55 ' 62*5 mm
fab le  /ip showing/ the C r i t ic a l ' h e ig h ts  a t  which 
lumbar ex teas ion. began l a  d if f e re n t  su b jec ts ' in  
d if fe re n t  stoop  l i f t s .  ;
Subjects • 10 Kg.- - .is-.Kg.- 20 Kg. ’ 25 30. m . . 35 Kg.
1 BE ■ . 13 ; 17.5 - :,';; 23 /  30.5 . " 41.5 ■ 47.5
2 Bf - •'/■■■/. IS . 25 ' 36 : 45 : 5 0  ; 52
3 m. ■ 20 27.5 33 \ 4 2
4. IS 27 33 41 . 52 ;■ ' . ' ~
5 m ■ 17 ' 25 31 ' ;:38. : " 47 -
6. BB 15 - 22 ■ ;3o ■; 33 . - 41 mat
7 KB . . . 24 - / “ 33 42 ■ 49 52 53.
8 IB 11.5 19' 25 ' ' 33 ■ 36 ■ ■' ' 4 0 .5
T l n r t r r ‘ rw T m * n ‘* » » T r > m li M f t r r r r n ~ i n n « f f l Y ^ ^  i nii r a ^ r- rT r^ f f fT fiu - r t r r lW T*“ ‘r n ,m * r y ,T , f t m ,iat r i * ^ ~ ‘ ^ r T ' ^ ^  i if  . ' " ir i "
’Oeneral pattern of m ob ilitys*m»*iee«eewwwW6Eweea**ipeaei*ee*tsawewe**w«e«waaBw«*BSw»m»wwk*wemp«iifle««»$^
flie c in e : f i lm  an alysis-a llow s th a t ex ten sio n  o f  the  
lumbar spine under com pressional s t r e s s  i s  d elayed , 
throughout, the movement from a f u l l y  stooped posture to  
th is . ■ c r it ic a l  .' le v e l  no change-; in  angle : between the ' ep im al : 
markers was: observed* "'‘--ghe^eafter* gradual ex ten sio n  o f  
the sp in e o ccu rred ./
During the i n i t i a l - s ta g es  o f  the- l i f t * the r e la t iv e  
position."of the' head* shoulders and f e e t  .of- th e -su b je c ts  . 
remained station ary'an d ’.the h ip s 'r o s e  in  space b efore  the ;-:- 
actu a l, l i f t  o f f  o f  the. w eig h t.
In the •lift-d ow n *  phase when the w eight was being  
picked up from the ta b le  the h ip s f le x e d  to  allow  the su b jec t  
to  grasp  the. w eigh t’ and the - I n i t i a l  f le x io n  o f  the sp in e  
was reduced where i t  sta y ed ’during the picking up o f  the ■ 
w eigh t. Follow ing t h is  th ere was a s w if t  approximation o f  
b te  cen tre s  o f  g r a v ity  o f  the body and the weight? accompanied 
by sp in a l f le x io n  which p r o g ress iv e ly  increased  t i l l  the . 
w eight-reached  the ground. .
G
ra
ph
 
sh
ow
in
g 
th
e 
ge
ne
ra
l 
pa
tte
rn
 
of 
A
ng
ul
ar
 
M
ob
ili
ty
 
in 
sa
gi
tt
al
 
pl
an
e 
du
ri
ng
 
sto
op
 
li
ft
.
d
— 3
&
a
B
d
Q
ooo
CM
O
CO
O
CO
d  &  —J -J
/  \
/
\
i
\
/ ' /
/ /vr
/;
v
(i
l \
/
\
v
\ \
\
\
;K
, ;- X
CO
LO
CO
CM
— o>
CO
— t-
—  CO
  LO
CO
CM
o
CM
OO
I d  
O "J
00
o
CO
o o
CM
r
o
sa o jS a a  ui a^Suy
Ti
m
e 
in 
se
co
n
d
s
-  100
_  80
-  70
-  60
- .5 0
o  Start of motion 
□ End of motion
-  40
“  30
-  10
30 25 20 15 10 5 0 5 10 15 20 cm .
D iagram  indicating the pattern of motion d escrib ed  by the b a s is  
of two m arkers in a v er tica l plane .
SIAMS'EICAI* A -M M S lS
She.'.'individual values obtained. from me as u r erne n to  o f  
th e .  intra-ab&oiniBal p ressu re , the electrom yographic'activ ity■ 
of-th e ex tern a l ob liq ue ana er ec to r  sp in a e , and the heart  
ra te  fo r .e a c h  p h y sica l a c t iv i t y  in ..a ll the fo r ty  su b je c ts  
appear in Appendix IX® fhe mean v a lu e s , to g eth er  w ith  
t h e ir  standard errors and standard deviations/'and c o e f f ic ie n t s  
o f 'variation  between different'-subjects appear, in  tables"2D
t0 31.
$he graphic p resen ta tio n  o f th e se  r e s u lt s  fo r .s to o p '  
l i f t  ( f i g .  39  to 32. ) su g g ests  s tro n g ly  th a t there i s  a 
c lo s e  -re la tio n sh ip  between th e  magnitude'o f the w eight being  
l i f t e d  and th a t o f  the o th er  parameters measured. C o rre la tio n  
c o e f f ic ie n t s  f o r  the r e la t io n s h ip  between the w eight l i f t e d  
and ;each o f  th ese  d if f e r e n t  p aram eters'are-g iven  in  ta b le 0 3S io3?
P I  ®his shows th a t every measurement increased
s ig n i f ic a n t ly  w ith  in crea se  in  magnitude o f  the w eig h t.
However® c le a r ly  t h is  '."‘c o r r e la tio n  m ay  iivaom e ca ses  be 
in d ir e c t ,  and th erefo re  an a n a ly s is  o f  the' p a r t ia l  c o r r e la t io n  
has a lso  been undertaken and the r e s u lt s  o f  t h i s  are a lsb  
presented in  tablee(3S**3? Ho a n a ly s is  o f  c o r r e la t io n s  ,
w ith  h eart ra te  have been in clu d ed .
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; l  . ... 49©562 37.842 10.842 10*842- - : i  ..- 3 34.500
SI) ' ' ■ ■ ; '12* 200 . 11.962 9.149 9*149- ■ il f < 1 In; 14.372 -
Kge BE 4*341 4.223 3.234 3*234' f-V, . f.
■ ; {•' ■' 5’ 5.081
CT 24* 777 31.610 . 84.384 ■ .8 4 *3 6 *. 4 ;! - /' • U v ' 41.657
Sable 28 . ' ©bowing. the- number o f .subjects*  means* 
standard deviation©*" standard •error of tie an©#; sad 
c o e ff ic ie n ts  o f variation, o f .d if fe re n t  parameters 
(o f averages) of male population  ( Group XI)claring 
etoop. l i f t .
wt*
l i f ­
ted
- le v
Mean Expressed a s ' .percentage o f raeximam
’ in
Es*
■ StcUBnv.
; 0oef#¥ar» ^ EHBC2GB Sm»AE ■ EXSEHKA1 oBisotre
Bp Sown up Sown
■N • 16 16 16 16
10:’ .
. -f \  ■ - 33.281 - ■ 27,932 6.436 5.594
■. SB ,' 8.925 8,881 6.124 6.370
K&.- ;■ SI ' . 2.231 ' 2.220 1,531 ' 1.532
- CV , : ; 26.817 31,795 . 95,167 113.872
. If ’ 16 16 16 16
15 '
1l ‘ 40.036 29.584 6.521 : 6.235
. BB ; , : 9 ,800' 11,225 7.185 7.320
Eg* .-.Bl ; ' 2,450 2,806 . ■ 1,796. ' 1 .830
. 0? 24.477 37,942 110.182 117.401
-I 3.6 16 16 16
20 . s .  ■. 44,227 33.871 7.068 6.915
..SB 9 . 3 0 0 ; 8.945- 6.865 7,590
Eg* ' - SB 2.324 2.236 1.716 1.897
C\r , 21,027 26.409 97.127 109.761
IT = 16 16 16 16
.25
■ 44.469 37.506 8.046 8.313
si) ■ . 14.356 12.70S 8.615 11.790
K&* . : s i 3.589 3.178 2.153 2,947
. ■ CT 32.283, 33.882 107.071 141.826
H 16 16 16 16
j o
75?.A
SB '
53.413
10.192
42.113
10.745
9,063
11.253
8,569
10.913
Eg* SB ' 2.548 2.686 2.813 2,728
. err-' 19,081 25.514 124.164 127.354
■ ,
imuji as ijj
In tra -....
Gbdoainsl
p l e a s u r e
Up
1 16 
I 9,062 
■.5.833
'1 .4 5 8
564*367
■ 16 
14.203 
.11.54-7 
§ 2 ,8 8 6
81,299
16 
17,4!
, -10,651 
■\ 2.662  
60.974  
: 16 
. 21,078  
! 14.236  
d  3.571  
f , '67*776
stiweeaeeew
16
-■’|30.440
’,'■17.145 
lv 4 . 2 8 6
; 56.323
Averages continues
*
r \
u 0 p
I l f -
ted
; ■- .Bo*"
: Hea*r 
. /’StcUBev* •
EBG
Vf
M.. . X&tsra- 
Iff- abdominal
in
Sfe*
.- SM*Brr« ■ : 
'' eo0f*'?ar# BHEG50R SUHAE'■ EBEC70E OBLIQUE'
*. ; . p ressu re
u p  ; Down Up Down ; ; ;;up- ■
. " If ; Xo ■ ■. 16 ; 16 ■\yi6 r j ' 16 .
'}%■. ' x  -  ■ 54.732 48.513: 11.073 XO«6.95 '^•■'35.562 ;
- SB' ■ ' ■•'■ . 10.056 14.708 11.527 10,338 | ■ 16.892 . I
'/ .SI ' , . 2.513 3.697 2,881 '2 , 5 9 6  | 4.223 i
■ o r  ' 18.373 30.482 104.100 97.120 | ,47 .500 4!
■ ■.■■.■ ■ ■ • '-15  ■: ' '15 ■ 15 v-15 : 15
40 v ■
p*. .X 58.344 • 5 2 . 3 5 0 11.223 12.225 U 37.533 : 3*
SI) 11.706 12.856 9.450 9 ,901  ! r !16.373 ;
Kjg. SB.'-.-. ■; 3.022 3.319 2,440 : 2.556 I , | 4.227 • ■
' ■ GV ■ 20.063 24.557 84.202 80.989 j; 43,622 ' ■ 3!
H ' 15 15 15 15 ! 15
1 60.458 59.374 12.103 11.316 ;43.516 . 4<p. Vi■ "? J ; SB” 12.837 15.345 9.977 .9 ,904 ,J 19.963 . 1/
Kg* SB - . 3.314 3.962 2.576 2.557 M 5.154 ■*
m  ■ ■ ■; 21.232 25.859 82.434 87.522. Vi 4 5 .8 7 5  . 3 :
10 10 10 10 ■:i  xo
SO X 61.125 57.441 . 15,518 ' ' 15.876; : 1 4 3 * 0 0 0  , m
■ SI) 14.771 8.682 11.990 ; 12.125 k
%« ' SB 4.671 2.745 3.791 : 3.833 . k  5.436 c
c? v ’ 24.165 15.114 77.265 76.373 3S.246 3 i
: 1. 8 : ’ ’ ....8 ' 8 8 ■ 8
71.181 61.910 19.585 1 9 . 3 8 2  !j 51.000 , 48
55 SD 9.375 12.140 18.480 17.425 j 20.209 18
Kg. "SE 3.314 4.292 6,533 6,160 | 7.145 6
07 13.170 19*609 94.357 89.903 ■(39.625 37
r ' * M
’■iV
• !
fable .29 '.; . showing the number of subject©* ; means* s /: ;
d ev ia tion s* • standard error of .means/ and. c o e f f i c i e n t 0//:' * 
of. variation  o f  d ifferen t parameters (o f  peaks) of Fetnfci ; ; 
population during; SfOOP LIPS p
w t. ;■■ 
l i f ­
ted
'No'A : \ X u - .
... ■I!eanv:'-A 
'. Si& .Bev./
. S t& .fe y .
’ 0 a e f .7 a r .
 ^ ■•■/.■■ BlviCf -. ■','/
/.//•. -Impressed as/p ercen tage o f  ■ maximum .! In tr o -  ; • . abdominal '; 
pressure .
Cl
He
Be
in
Kg* '■/-KBBCfOe SP1ITAB . 1OTEI5HAL OBLIQUE■ .-1
j ' ; im /l tg *
i l|;:j
; UP Down tIP BO.VII UP : BOOT. m
K ■;■!/ 8 7" 8 8 8 ■ | l / i  8 8 8
10 'X ' 56.316 51.101 12.385 13 .410 12.375 1 1 .2 5 0  - 2 0 . 5
'SB 1 21.876 • 16.7-35 8.823 6.940- 6.203 5.994 1 1 . 5
Kg*. mz ’ ’ 7 ,734  r 5.917 3.120 2 .454 j ;;Vi2.X95 , 2 .1 1 9 . 4 . 0
CY * 3 8 . 8 4 0 32.740 71.740 51 .750 | ‘ -50 .170  4 53 .280  ■ 56 .1
8.. 8 8 8 ; 8 - 8 8
15
X. • . . 62.517 56.699. 16.160 13.478 . 20.875 16.500 18.7
. SB ’ ' 18 .819 25.588 10.993 .9 .349' ' 3.378 7.309 ±4* 3
Kg* SB /  6.654 9.047 3.887 3.305 : !•■ i3.528; 2.584 5 .0
07 30 .100  4 45.120 68.020 69 .350’ ’ i-^7.790 44 .290 76.5
K ■7 ‘ a ' 3 ' 8 8 . - .• • ; | p  a 8 8
20 t  ■ 67.469 60.835 17.982 15.247" j |:|?5 .750 22.062  : ' 1 8 . 0 '
■■.SB*.4 ‘ ■19.986-.. 15.831 13.741 ? 0 .353 ■ 11.029 8.445 11.41
>i-H* • . - SB/ ’■ '"7*066- 5.597 . 4.858 ■ "3.660 ; ■; 3 . 8 9 9 2.986 4.0 .
CY ' '29*620 26.020 76.410 67.890 4'2.83o 38.270 :63.4:
U b ■ e ¥ 8 8
t 75.500 64.006 21.839 .16 .441 !:• 35.437 27.312 24*5*
•25 sb : 25.791 20.107 18,925 15.529'/' f 16.181 1 4 . 4 1 9 ■ 9 * i:
Mu SB' ■ ' 9 .119 7.107 6.691 ■5.490
r r  5 . 7 2 1 5.098 3 .2 i
■ GY ’ 34.160 31.410 86.650 94.450 4 45.650 52.790 37. 2j’ . ,"n' 1 il ' ' 6 b ■■ 6 b m*mmf w 5t 6 6
3°
IT*?
1 85.967 73.270 30.418 29.075 Si 41.167 42.000 20.11
SB •27.656 23.376 16.429 10.88? » 16.216 15.231 : 9i'6€*•^ 0 *■ ■ 'SI' ■11.291 9.789 6.707 4.445 :L- 6.620 6.218 1 OF
CY' 32.170 32.720 54.010 37 .440  : 36.260 48.03
I . - T ~ 5 ■ - 5 : ■ 8 ' \ *r
—T _ “ 3 “““
35 ■S' - 75.110 63.346 -'25*066 ■ 2 6 .1 4 0 i{ 5^.400 .4 0 . 8 0 0 23* oc
Kg* SI)' 25.141 18.970 ■ ■■/9*240 . 15.025 :’i 2$.263 22.320 1 0 . 0 s
S E ­ 1 1 . 2 8 4 8 .4 8 4 ' ■ " 4.132 ■ 6.719 '- ; 1 3 . 0 8 7 9.982 4*51
CY ' 33.470 29.940 3 6 .8 6 0 57 .470 '■ 4^.2604 54.700 43*91
h
 **{3 v»«.w . nvviJ.- UA iiUU^yt’ li^ £ m eans* s ta n d a rd ..
d ev ia tion s9 -standard  e r ro r  of means,.; end c o e f f ic ie n t  
of. variation  ,of d ifferen t param eters, (o f -plateaus) of feme 
population
Wtc® 
l i f ­
ted  
in
m *
MO 
llean : 
'Std.Dev. 
Std.Errw 
C'oef •Far.
■ MQ
Expressed as'percentage of maximum
v P ’C->!
IBEOSOB SPIHAB
•UP DOW!
EXTOHAl OBLlQUEl'’ \ ll
In tra-
abdominal.
p r e s s u r e  
'S.' ‘
UP DOW!
I? * 8 8 .8 8 f ' n1- * v ti'C, «^
* ? * 8
10 1  ■' 30.471 26.880 8.031 8.081 4 5 ; 0 0 0 3.250
Kg*
SI)
SB
14.323
..- 5 .066 ..
13.315
4.707
6.458
2.283
6.458
2.283
1 n
fVV
, 4 ;  276- 
■-.4*512
3.732
1 . 3 1 9
OF. 47.020 49.530 79.910 79.910 #51520 114.830
: -1 ■ ■ 8 8 8 8 i f 1 8
15
■ 1 ■. 33.699 28.372 6.006 6.797 c- ^F# iI jr IZ ? f
'■.'i-9i500 7.375
sd ; 16.647 13.781 3.823 4.982 '■ $ 4 7 8 2 5.705
Eg* SB ■ 5 . 8 8 6 4.872 1.352 1 . 8 8 3 h; 1t* # 0 4 4 2 . 0 1 7
CV 43.010 48.570 63.650 73.290 ^ i 0 6 O 77.360
N 8 8 8 8 u \ - , - ,8U * 8
2 0 X , 4 2 . 6 2 6 31.609 8.709 9.591 {-■’ 10,375
|# S M .0 4 i
h  ' # 7 8 2
8.875
Kg* - SD , 
' SB . .
16.217
5.734
13.034
4 . 6 2 6
7.864
2.780
9.253
3.273
4.581
■1.619
0 ? ■' 38.040 41.390 90.290 96.530 I *■48,.5 0 0 5 1 . 6 1 0
H ■ 8 8 . 8 8 r 8
25 . 1  . V 4 6 . 0 6 6 33.716 8.657 8.979 I * , ■>^ ■ i°62 12.937
KS. ' sd /;
SB
25.376
8.972
16.162
5.714
6 , 3 0 2
2 . 2 2 8
8 . 8 7 O
3.139
t£r '-'■j >^*667
# 3  5 7
8.678
3.068
o? . 55.080 4-7.930 72.790 9 8 . 8 8 0 X  ! • ''*4 4 * 2 6 0 67.030
1 ; 6 6 ■ 6 6 ft ' w 6
30 T«*? 52.638 28.645 10.522 14.688 fi-1 19.333 13.583
Kg. SD 22.418 10.487 5.831 12.765 f:-/- 10.-375 9.646
SE 9.152 4.281 2.380 5.211 & # 4 4 0 3.933
cv 42.580 36.610 55.410 86.900 iV': 56.-250 71.010
V 5 5 5 5 1. ?;|5 .................. 5
35 1 38.946 31.976 10.402 5.040 i r ‘*$.400 22.200'
:%• SB 15.245 10.336 6.899 6.205 If 3.3 .- 4 0 3 13.845
SB 6.817 4.891 3 . 0 8 6 2.775 6.192
CV 39.140 34,190 66.320 123.120 * .
% N
l
47.210
* >
/  As '
S
62.360
deviations,-'. steadard  e r ro r  of means, and c o e f f ic ie n t  
o f varia tion  o f  d ifferen t parameters (p f averages) of f  efnojjffi Y.?.
population  during SSOOP LIPS* . ■
unfn* 1 iiw^wiaaiiij
'•'U , *
& »'»■* \ V f  4, ,
h </ i - '
s' V ¥?, - 5
•wt.
l i f ­
ted
■ Ho.: ' . . 
Mean . : .■ . ■ 
Sid* Be v* .
m m .
Expressed as percentage of maximum
ft ASt -* Vtj. /J -<«,
/a a ■
7*7 In tra-
1  abdominal . 
£:~J p re s s u re : 
;7tj ; mm/Hg.inKg. .
S td* lrr*  .
Ooef kYBTp ' EEEGSOE SH M B '..... " wzmmtjj. OBLIQUE
f e i"”~W  . "■ DGwH UP w m  ' r t!'?ir
, tJP BOVVM
■ I  ■ - • 87 8  7 . 8 8 F I / C l  Q . 8
1 0 Jx ■ . .
s b ; " : •
42.737
16*051
: 3 8 *3 6 6 /  
13 .447 ';
1 0 . 0 0 0
7.317
1 0 * 5 1 6  
6.614
8.875j, v 4 A* *5*
r i i 4 , 7 4 1
7.312
4.59S
•.Kg* . BE : ' . ; 5.675 4*754 2*587 2.336 A; ", 1.675>S* >v ,* 1.625
07 . 37.550 35.040 73.160 82.690 ; 7 :53*420 62.870
' H a 8 ■' 8' ; a S a  8 : 8
15: ' 1  :
- sb ■■'■; -  ;
50*784"
15.812
41.509
18.095
10.397 
6*720 7
9 . 5 7 5
7.024-
f77 
: *
’'S#iL4.875 
| a : 6.849
11.854
5.391
Kg.- SB 5.591 7 6*497 ' 2*376 2.483 * *■ j
1 *♦■ i
*^X' 2.421 • -t - * * 2 .083
c\r ■ 31*130 43 .590 ' 64.630' 73.360 ? ■, y  i-,~ & ' ,*g46*040 49.690
ir 8 ■ 8 " " ’ 8 8 I rs ; a .8
20 S ' 53.926 44*840 13*016 11.866 It i |;y l7 .5 4 1 14.987
Eg* SB
SE
15.444
5 .4 6 0
12.331
4 .360
10.799
3.818
9 .996
3.534
r’ >-
f &
t - J 6. 565
;/t:j 2 . 3 5 7
6.311
2.156
CT 28.630 27.490 82*960 84.240- iI >:) ■ ; . 3 7 .390 41.430
H '■ ' 8 ' . 7 8 -V ■ 8 v - 6 • & ' 7  8 0
25
X 61*056 47*994 ' ■ 15*214- 12.485 lA'25.125 27.229
SD 22*826 13.835 11.307  ' 11 .805 ? * Jf e l  9*683 17.840
TfYr , «*>♦ BE  '■'■.■ 8 .0 7 0 .4*891 ' .3*997 ■ 4*174 |'7 ' A ji 3,423 ■ 6.307
CV 37*380 28.820 74.310 94*550 ' r •?\'a8.540 65,510
'If'' ■" ' : ■' 6 . 6 7;. 7 . 6 6 " f V
 ^ ' fs
* 5 6 ■ ,s*- , 6
30 ^ ■A . 69.298 50.950 ‘ 20.492■ 21.868 ;,;;-30.25C 27,167
’ SB ’. 23 .488 15.786 1 0 * 8 8 3 11.432 t -1 '(jm V; A3.258 12.139
be ; - , / 9.589 6*444 4.443 4*667 e -t ^ ';0  5 .412  ■ 4 .956
c v  ; 33.890 3 0 * 9 8 0 53*110 52.270 43.820+1 44.680
35
If 5 5 75 = ' 5 / 7 1 <"■'rr ',. 5 ’5- ■ :
r .  ■■;,.■■ 57.034 47*620 17.750 '15*570 1* 1] ;.V.43.800 30.500ICg. sb , 7 19*632 = , 13*900, • 7 -7 7*521 ■ . 7*466 / 1 ■i>f21,232 19.592
s i 8 .7 8 0 6*21? .'^3.363 : 3.339 t t57^ 7 9,496 8 ,762
' c i r ' 34 .420  ;■ 29.190 ■ 42*370 47*950 >48*470-f >• 64.230
Explanation--.-.of .'symbols
/v*' : Variables- 1 9. 2, 3? .and' 4 rep resen t ■ the. fo llo w in g ,
/ ~ ' - height
2* ' • 'Erector.' spinae " -
3* -I... External oblique
4* -  . In tra-abdom inal p ressure _
B. ' . liie po in t between the v a r ia b le s  - means, the p a r t i a l
c o r re la tio n  between the v a r ia b le s  on the l e f t  hand 
■ ; s ide  of the po in t holding the e f fe c t  .of variab le ; . 
o r - v a r ia b le s  on. the r ig h t  hand side  of the p o in t ' 
c o n s ta n t. ''
e,gc r 12c34 m ean s/p artia l c o rre la tio n ; between - 
.weight a n d ;e re c to r .spinae holding e x te rn a l oblique 
and in tra-abdoininal pressure co n stan t.
p .4 0*001 -
p < 0 .0 1  ■' '
p -<1 0 .0 2  '
P < 0.05 , '
COEBEWvSIQI COiffiTICIBUSS -  SSOOF LIFE (Hales)
StiU e <32 ; ’ Feelc-up*
A. • Simple c o r re la tio n  e o e f f ic te a ts
; W3». ■ ■ ES EO 1AP . HB
1 W  1*000 0.983 ' 0.955 0*967'- " 0.830**
2 B3 1.000 0.918*** 0.98S 0.832**
3 ' BO - . . 1 . 0 0 0 0 . 8 8 1 0.760*
4 1AT 1.000 0.849**
5. m 1. GOO
Bo. " TartiaX  co rre la tio n - c o e f f lc ie a te
(a ) i  '
r 12.3
2  3
»!. 44^.
0.961
(© ) X ■ 2: 3
r 1 3 . 2 0.817 r 12.34 0 * 8 2 6
r 23.1 -0.639
(b) 1
r 12.4
2  4 
■0.894**-
r 13.24 0.756*
r 14.2 -0 .590 r 14.23 -0 .401
r 24.1 0.885**-
(c ) 1
r 13.4
3 4 
0.854
r 23.14 -0.375
r 14.3 ‘ 0*895^ r 24.13 0 . 8 2 8 *
r 34.1 -0 .559.
(a ) 2
r 23.4
r 24.3
3 4 
0.676" ' 
0 . 9 6 2 *#*
r 34.12 0.019
r 34.2 -0 .473
. . ..fsM e-’Bl 
A* ' . Simple
rd>owne 
» u iuu  c o e f f i c i e n ts
vtm *-»'■*•** -A A. ? IAP . ■ HH ' ■' .'•
1*.
' •- #1? ■ l e000 \  / 0ef 9 t • : ■ 0 . 9 4 3 ■0.98,3 ■ •.0.952***
2* b s :;:- . _  -,1.000, ; 0.324 , 0*976 ... 0.?69***
3o ip  , , >1*000 : o .S r f  * 0 .822^ .
4* ■ IAF 1.000 v'a 33.3 
■ 1.000' '
Be ■ •003^ re la tio n  betw een. w > and down
...... '■ ■ ■ tPOt 2AT ' ■ HR /
' ; 0*986 0 . 9 9 8  ■•' 0 .394 ' * r
' 1 - f ■'J: 4v
. 0.902*:
Cl, .F a r t ia l  c© r e l a t i o n  .c o e ff ic ie n ts
(a ) 1..v*‘ 12.3
2 3■ js»&#■ 0*936 ' (e]> .;■ 1
mae»
2. :; 3,
r 13»2. 0.541 ■ • r 12.34' ■,■■0*803
'r 23.1 ' ;0.247 ‘
•13.24. ■0*575.
(b) 1,
. r 12.4
' 2 ■'■. 4 • 
0.859 : '.
, r 14.23''' ■. 0*253.
r lA«*2<■»«- -f 9 > 0 . 1 0 3 ' - ■ : . r 23»M --0*150
r 24.1 - 0 *5 8 5 ' ’> .:t 24,13 —0*560
(c ) 1 -  '3  /■ 4  ’ ' r 34.12 nVc a**Uc
' : r i3 .4 . ...■.0 *8 5 1 **' ...
r 14.3 0*905^^'. ■'
*§*■ ■•: 34.1 . -0*5.80 .
(a ) 2 3 ’ 4 ;'
C *S $> *r 0.714*“
;■■ r 24 o 3 iHHv0 .9 3 2 .
*&*
■ , 31.2 -0 .5 2 6
"'.34 • ; ’ * P la teau s .'Up*
A*' - . 'SliB^.e • c o r re la t io n  c o e f f ic ie n ts
-■‘m .  ■ IS • 10 ' 1AP HE .
1 . ' ■ ws 1.000 45-# >.' '0.943 O.S33 0.985*** 0.830**
2. IS.. 1.000 :
JM!*,
0.807 ".Ow 979*** 0.844**
3. ' EO 1.000 ; 0.888*** 0.709*
4.' 11? 1.000 0.869
5. -HE 1.000
B. P a r t ia l  c o r re la t io n  c o e f f ic ie n ts
(a ) 1 .2 ',. ..3 ■; ,
' 12.3 
• r 13.2
#.V~
:.;o,896 .■ 
0,875*®.
(e ) i  
*12.34'
2 3 
-0 ,186
4 . .
r 23.1 -0 ,6 1 1 ;
(b) 1 2 ' 4 '
r 13.24 0.574
12.4 -0 .575 r 14.S3; 0.691
r 14.2 ■■0,904*'** r 23 .i4 -0 .420
;r 24.1 
(c )  1
0.662**
... 3 ■ . 4..
*24.13 ' 0.814®“
9Mf.
■ 13.4 ,:Q*73'2 ' *34.12 0,082
r 14.3 0.945***
./■ r 34.1 -0 .494
(fi)  : •
r 23.4 -0 .655 
*24,3 0.965
: r 34.2 0.809**
* H e te su a  Bora®
u©
:1V , *| ■ 00Q
SO
Oi967***
■ i a f  /  .
0 * 9 9 2 -" /
HS ,
0.952***
2*//; Ml) 1.000 ; 0*936 -. ; 0.977*'“ '
3. so  . 1 * 0 0 0  / 0.939 ; 0.874 '
4VV-
5;
IAP,
■ nr? ■ - : /  .
1.000 0*975
1*000
BV ■' •■' O or^elatio ii • .between tip -and dovm
■•'BS V SO ;. ■ ; 1AP ■. ' -'HE
cv
0*973" . 0;990
P a r t ia l  eora^elatloa. c o e f f ic ie n ts
0©,902
36
'A#
1 Averages Up*
c o e ff ic ie n ts
: ff$ ; ®S ' EO
■nwwirrr .
IAP ; HK :
i« w r 1 . 0 0 0 0*974 * 0 .9 2 1 * * * ’ 0.977*** -0.830**
2, ' US,.’ 1 * 0 0 0 0 . 8 5 6 ** 0.990*** 0.835**
3 * .Veo. ' 1 . 0 0 0 C .850 '" 0.679
4. I  A? 1 .0 0 0 , 0.855**
5 im 1 . 0 0 0
B* P a r t ia l  c o r re la t io n c o e f f ic ie n ts
(a ) 1 2  3
r 1 2 . 3 ■ ■ ■ 4HHf'; 0*925 (e )  1 2 3 4
r 1 3 . 2 ~0.752*~ . 12.34 0 . 1 3 8
r 23.1 0*473 ■ 4'.
(b) 1 2  4 •
: r 13.24
■ *y» -.
0 . 8 0 6  ""
r 12.4 ■■ 0.229 ■ ■ '
14.23 0.556
r 14.2 0*391 V ' - r 23.14 -0 .0 1 5
r 24.1 V-0.7?7*~ "¥%
(c ) 1 .' 3-; 4 ^ ! ;
2 4 . 1 3 0.736
/ ■■:l^ .3•4■■ ~ 0 * 8 l8 ^ r 34.12 -0 .4 1
_  r i 4 .3 ' ■■0*959***■
34.lv 0,603
(a ) 2
r 23.4
3 4 
■■.0.199-
r 24.3 0*964
v r 34i-2 0*048
t?aMo ■ 37 ■  ^Airerage© ''Bown 5’
;iU ■ _ SiiapXe. co r r e la t lo n  _coeff ic le u ts
' W S - • ■-■BS;-'• 10 ■ . IAP
X* •' \ n : :■ 1*000 ;■■■■-'0.991' : ’ : 0 . 9 1 1 ***■ .0.981*
2i> ■ BS ■: 1 *0 0 0 '; 'v^O;866**'': 0.992''
3* 10 : : 1.000 '0.830*
.4*' ; f. \ ■ • ■ l.ooo:
5 .' EH "■ . 7- '• ■. ■ ”
Be Correlation.-between'.''.tti> .:&n£rd0 ?&l . ■
. 13 - • -BO. ;;'... . '1AP- ■
0* 975 . . • • 0*387. .0*995-• / 0*902 ..
C# P a rtia l ;correlation :-co© ffic ie a te .
Ca) " ,1 ' V.2 /  ;3 ; . : ■. • ' .
r 12.3 o .s s i
•#**$
■' *13.2 ’ 0.735 '■(e) 1 2  3
r 23.1 - 0 . 6 8 0 * *12,34"' 0,616
(n) 1 2 4- . ‘ w *■ 1 3 . 2 4 0.803'
' r l£„4; ■0.767*“ ;' '
. r i 4 .g ;  > 0 .2 0 2 , *14,23 0.303
■ r 24«l 0.779*“ *23.14 *,,0»2X4
( 0 ) 1 .3.; 4
r 13.4 0.877** *24.13”:7 .’0* 950
14.3 0.973 r 34.12 - 0 o903
*34.1 -0 .7 6 l’a‘~
(a) ,2 3. 4
0.952***
0 .9 7 6 * * *
0 , 759*"
0.984***
1 .0 0 0 .
4Sw
r 23.4 0,606*
r 24,3 0979***
r 34.2 -0 .459
IKERPREMXW OP besoms
■ P a r t ia l  c o r re la t io n  t ■ Peak IJp
1# Between the magnitude of weight l i f t e d  and e re c to r  
sp in ae , holding'other variab les constan t
r 12.34 = 0,826 % V <  .01
fhus the a c t iv i ty  of the e re c to r  sp inae is greatly 
influenced by the  magnitude of the  w eight, holding the 
e f fe c ts  o f e x te rn a l oblique and in tra-abdom inal p ressure  
constant*
2* ; .Between, .the magnitude of :w eight l i f t e d  and e x te rn a l
oblique a c t iv i ty  holding o th e r  v a r ia b le s  co n stan t
r 13.24 ' = 0.756 . | p • < -.05
3?he a c t iv i ty  of the  e x te rn a l oblique i s  c le a r ly  
c o rre la te d  w ith the magnitude .• o f the weight when the e f f e c ts  
of e re c to r  sp inae and the in tra -abdominal p ressure have'been 
held constant*
3* Between the  magnitude o f the weight l i f t e d  and the
intra-abdom inal p re ssu re , holding o th e r v a r ia b le s  co n stan t
r 14*23 = — 0*401 % not s ig n if ic a n t  p < *-
4* Between the l e c t o r  spinae and the ex te rn a l oblique
holding o th e r v a r ia b le s  constan t
r 23*i4 = “0.375 \ not s ig n if ic a n t
5. . Between erector spinae and the in tra-abdom inal
pressuref -holding o th e r v a r ia b le s  constan t
r24.13 = 0.827 ; p C ,05
Shus there ia a stron g.correlation  between erector  
sp inae a c t iv ity  and the .in tra -aM cm ina l p ressu re  developed .'
'6 . . 'Between the e x te rn a l oblique and intra-abdominal 
p ressure holding o th e r v a ria b le s  constan t
r  as 0.019 ; - no t s ig n if ic a n t '
Beak Dawn
1, Between the magnitude o f the w eight l i f t e d  and the 
e re c to r  spinae- holding o th e r v a r ia b le s  constan t
*12.34 ’ . ~ O.603' , }‘ ' ' not s ig n if ic a n t
- There I s  a co rre la tion .be tw een  these  two v a r ia b le s  
though,much reduced in  ex ten t as compared w ith  the *l i f t - u p ’ 
phase* but th i s  f a l l s  a l i t t l e  below the  35p s ig n if ic a n c e  
le v e l .
2o "Between the magnitude o f the weight l i f t e d  and the 
'external 'oblique' hoM ing o th e r  v a r ia b le s  constan t
r l3*24' : . ~ 0.575 | " not s ig n if ic a n t
fhe're i s  a reduced associa tion 'be tw een  these two 
v a r ia b le s .a s  compared w ith the •pesk-up* phase*
3* Between the magnitude o f the weight l i f t e d  and the
intra-abdom inal p ressu re  holding o th e r v a r ia b le s  co n s tan t
**14.23 » 0.253 9 no t s ig n if ic a n t
4®" ' Between the e re c to r  spinae and e x te rn a l oblique 
holding o th e r v a r ia b le s  - constant
; r 23.-14 . « ' -0 .150  ' j not s ig n if ic a n t
H iis re la t io n s h ip  i s  s im ila r  to 'tha t in  th e  'fl if t-u p V  . ' 
phase* ■ .■
5® .Between'the'.erector spinae; and in tra-abdom inal '
p ressure $ holding o th e r v a r ia b le s  constan t
r 24.13' • « . . 0.560 $ ' ■ no t s ig n if ic a n t
Contrary .to- the ?.l i f 't-up18 phase the c o r re la t io n  in  .. 
the downward, l i f t  between these v a r ia b le s  i s  negative*
6* ■ . Between the  e x te rn a l oblique "and the in tra-abdom inal •
p ressu re .
r 34#12 ■« ; " ■ .-0 .563 ? not .-'significant
T hus-there i s  a  negative c o r re la t io n  between the 
ex te rn a l oblique and in tra-abdom inal p ressu re  during  9lif t-d o w n ’ 
phase* although th is  does not reach a le v e l of s t a t i s t i c a l  _ 
s ig n if ic a n c e  in  the p resen t s e r ie s .
P la teau  Ifr .
1* Between the magnitude o f the weight being l i f t e d  and
the e re c to r  sp inae holding o th e r v a r ia b le s  c o n s ta n t .
r 1 2 .3 4 \ . -  -0 .183 ; not s ig n if ic a n t  .
2. . Between the magnitude of the weight b e in g .l i f te d ,
and the e x te rn a l oblique holding o th e r  v a r ia b le s  co n stan t
- *13*24 • « . 0.574 v ' $ .no t s ig n if ic a n t
, The correla tion  i s  substen t ia l ly  below the s ig n if ic an ce  
le v e l bu t in  tendency i s  s im ila r  to i t s  counterpart - in the 
peak up phase. ’ . ■ v .-'.
3®’ ; Be tween‘the magnitude of ..the w e ig h t; lif te d - and
the In tra -abdom inal pressure generated holding other" v a r ia b le s
c o n s t a n t . . - . .■ > ; -
’ ■ ' « 0 .691 '- ' ; ■* p <  .05
This s ig n if ic a n t  c o r re la tio n  i s  d i f f e r e n t  from the 
•peak-up* phase. t .... ... .
4o . . Between the e rec to r ' spinae and ex tern a l, oblique 
-holding''other, v a r ia b le s ' constan t.
r23»X4' ‘ ’ « 0.420 .". f ■ .not s ig n if ic a n t  .
5• Between, the e r e c to r :spinae '• and the in tra  abdominal 
pressure'holding-other variables .'constant
r24.I3 = 0.814 5 p-< .05
Thus th e re  i s  s  significant'Correlation'between the 
area t e r  spinae ' and' the in t r a  abdominal p ressu re  similar to  . 
th a t  in'the peek up phase.
6» .'. Between the e x te rn a l oblique and ■ in t r a  abdominal p ressu re
ho ld ing  other-variables' constan t
r34.-12 ; « • p .032. - I not .s ig n if ic a n t
P lateau  Down'
1. Between the magnitude o f the weight l i f t e d  and the 
erector, spinae holding other -variables constan t
■ ■■ •-r 12*34' ' ’« ’ 0*039 ■ no t s ig n if ic a n t
2* '■ Between the • magnitude o f  the w eight l i f t e d  and the 
' external - oblique holding, other variab les-con stan t--
r 13.24 = 0.824 P <  .05
This s ig n if ic a n t -■ correlation  i s  sim ilar-to  th a t in  the \ 
peak: down phase* '
;3* Between th e ' magnitude o f the weight • l i f t e d  and the. . 
i n t r a  abdominal pressure  holding’other.variables"constant
r 14.23 = 0*799 5 p  < .05
In c o n tra s t to  i t s  coun terpart in  the  peak down .phase 
i t  shows .© h igher degree o f p ositive  co rre la tio n *
4* -Between the ■ e re c to r  sp in a e . and. e x te rn a l oblique holding 
o th er v a r ia b le s  constan t ' - y
2 23 • 14 •« 0.024 : -•! . h o t's ig n ifica n t
There 'is no .corre la tio n  between these variab les*
3* . Between, e re c to r  .spinae and the..in tra •. abdominal p ressu re  
holding, o th e r variab les/constant . .
r24®13 « ■6*501 ■ . ’ not s ig n if ic a n t
■The" correlation , ie  not s ig n if ic a n t^  although ■ a tendency . 
fo r  a p o sitiv e  association  i s  apparent. ■'
6*. Between the . e x te rn a l oblique an.& .in tra ' aMominal ; 
p ressu re  ..-holding, e th e r  v a r ia b le s  ..constan t;
‘ ^34*12 -*0*573;. :‘; ; . no t s ig n if ic a n t
Xtr-'ie • s is i .la r  ■ to  I t s - ’ co u n te rp art -in the/-peak down-.
phase*' - ■ . :, •
BECHtESSXOH AtmiXSIS (Males)
. .Simple reg ressions were ca lcu la ted  fo r . peak* p la teau  
■ and average activ ity  during  o p  and down l i f t s  o f each.- 
re le v a n t v a riab le , on the  o th e r : ( ta b le  38 )*' - W ithout a ’r - 
s in g le  ..exception a l l  o f them ©re.s t a t i s t i c a l l y  s ig n if ic a n t ; '■ 
a t  l e a s t  a t ' the .level* which i s  ev iden t by comparing.- 
■the ca lc u la te d .v a ria n c e  r a t io  w ith the c r i t i c a l  f ig u re  f o r  
the re le v a n t degrees o f freedom*’
-■The re g re ss io n ’-.chart suggests "that the g ra d ie n t o f the 
reg ressio n  l in e s  f o r  upward, and downward l i f t s  are  very  , 
c lose  to  each 'o ther*  The l in e a r  re g re ss io n  l in e s  are  
th e re fo re  'parallel* The a c tu a l -values o f the  various'-' 
param eters recorded during the. experiment* however* shows 
th a t 'th e .  v a lu e s - fo r  the  downward l i f t  a re  -always sm a lle r  ; 
than the  upward l i f t ,  except-In the case  of change in  h e a r t 
'rate* -
The comparison of the re g re ss io n  l in e s  was completed -■ 
by comparing the in te rc e p ts ,  o f these; regression l i n e s ' for; up 
and down movements* The .in te rc e p ts  - o f reg ress io n  l in e s  o f 
ex te rn a l oblique on weight and intra abdominal p ressu re.in  ■ 
peak* p la teau  and average ■ a c t iv i t i e s  have-' in s ig n tf le a n t  
differences*.-.'These -regression lin es*  th e re fo re f- ©ay be 
considered co inciden ta l*  The in te rc e p t  of ' the.Progression  
l in e  f o r  the e re c to r  spinae on weight i s  s ig n if ic a n t ly  
d if f e re n t  in  the up and - down movements*. Thus these  l i n e s s .... 
though. p a r a l l e l s" are e ig n if ie a n t ly . d i f f e r e n t».
C r i t ic a l  value fo r  f  «■ 6*03
eau
•Aver-
age .
MM  ri»».l»»MIWi I' I WBmuB'mi I
INPMJCfH?*. &RABXl» AMB' VAPTAtmr nAWn H3BWB,<w°l,iW,B,,Ma*,c*TOi^ ^ 14 i,:„r.-„flr.lv .y'. i.. J:.' ** •-■» •* 1 ’ r,
' ' VCCl; ‘ '■ ■ ..............-I- .1,1)1-1-- 1 -
“ b  t
27.016 3.. 055 414.75
12.977 ; 0.522 305.0
g>.797 461.7*
f  -a
Er*Spinae Peak 3 7 .3 5 9 .‘ ,0*938 "-:;-'-393*27
on _ 4 .  ■
Weight 22.548 0.503 64 -Rs
29.6
S’-eUf'
0.743 148.55 19.736
j, mmm
Ex.Obliq.ua. Peak -0*327 0*532' ■ ■ 8 2 * 6 4
-. o n . ■•
Weight . P la t­eau '■
Aver-
3.134; 0.147 53.66
1.291 0.329 . 44.98
1.133
3.064
1AP 
3 on
Weight
Peak 7.463 1.214 .114.60
P lat­
eau
Aver­
age
1.278
0.419 64.8-
70.150 116.0V /
• . 3 0 9  3 8 .9
' \ ’A
0.623 0.666 .259.44
3.733 :0 .950 167.11
.4.223 111. 196 102.9?
•0.729 | t . 624 ,502.6
1.446 If-0 .919 , 193.8
4
H eart • 
B a t e 'v 
on 
Weight
nwmn 'i
Peak 10.217 . 0 .1 8 9  17.74 1 0 .3 6 7  1.07355
5
Peak -16.761 0.507 43.02
.i.oao  ' ; 0,235 ; 14.96
Ext.
Oblijue on m a t
I | | - a a e r  , e  EU , - v
7 f:I(er" ”9.338 0.333 7 21.49e&e ■ ■
n  »■■*■ VTTiiirT^ i-~ mi—.i > u n ii m t r u  i r^ -TftWHWtr
8 .8 7 4
0.303
5.400
■ l£P on m a t  -39*040 ;V. ': 1*233 361*23 — 26*6£r>
6 E rec to r
.S p in ae  -25.734 1*229 ..101.57- -15 .770• eau
, A VO ew
V^Q 33.356 1.262 399.03 -2 .558
Peak 3.120 0 . 1 8 8 , ,18 .00
7 Sreator . JJ®*”- 2.365 0.363 ' 20.44
Heart-- / 
Sate "on' 
E o e te :  
Spinae
Aver* 
age ■ 2.932 0,249 18.39
1.182  -1I £■;
1 .3 1 9  ;s
1.292 !;<1
0 .3 8 6 4 6 ,4 8
0.276 56,46
0.366 24.09
1.138 , 3.58.65
1.183 389.62
,1.157
■’i ,  , UJ... ,--i r ....
4 8 3 .2 8
0.33*5 r s s ' .m
0,696'; 167.00
■0.450 163.30
f!0
o
10
m >  tab iak ce  ba*ct?
-Ho . b V ariables
IAP ■ ' -
o n :'
E x ternal 
O blique/ ‘
Peak
. Vftau.-
; A v a r-
.'•age'-': ■
3-3*252
~7*§19
6 3 1 7
Bate 
■ o n /  : 
E xternal 
Oblique
XAP
on
H eart 
Bate .
Peak 11*091
Plat*-,
■■eau....
A ver­
age -
. 8*248
11*164
Peak -29.645  
P la t­
eau
Aver-
age
- 1 9 3 5 5
-25.087
HP
b
■BOOT
1.986 / 27*65 7*755-
3.824 2936 ' -10*660
2*340 . 20*88' ■ ’ ; :5*342
0.311, 10.96 11.715
1.031, 8.370 5.288
0.439 6.85 12.439
4.684 2 0 . 6 6  - 2 8 . 9 7 6
2.505 24.72 -16.637
3.650. 2 1 . 7 5  -23.144
T a h lo  39
Comparison of. reg ress io n  l in e s  f o r  up and down 
TOTOments
A* ■ '«  & ' t  c r i t i c a l  value 2*12
pegrees o f freedom (n3 -2} :* (»g **2) «. 16*
(a) Peak '
E s /ra -0 .739
BO/flff -1 .431
lAPA'ffi 0.107
m/tm -2 .713
(b) P lateau
BS/W2 -0.189
E0/i7® 0.149
XhT/.ll' 0.852
(c ) Average
ES/0T 0.759
EO/ff® 0.735
0 . 3 1 1
~ .S ign ifican t
Ssfclo 43
1H2EH0BP2 13*1 .52 Sg . t c r i t i c a l  value -2*11
Degrees of freetom <ni  *** ' ***^ : ™ 1?)
(R) Peak
ES/ffE 10.665 — ;High!y s ig n if  le a n t ■h « 1«026 S2 = 5.264
EO/175 -1.259 - I n s ig n i f ic a n t ' b ■« 0*476 S2 ~ .6*721
lA T/m 1*421 , - : ;I n s ig n i f i c a n t . b » 2*206 S2 = 26.013
■(b) P la teau
ES/l?E .9.926 - ■Highly • s ig n if ic a n t b e  0*515 S2 -  4.923
so/ra 0 , 2 0 8  - In s ig n if le a n t b «■ 0.1.48 • 52 = 0.578
i  a T /m 1.903 - In s ig n if ic a n t h .» 0*645 S2 = 2,524
(c ) Average ■ -
9.784 - ■ Highly s ig n if ic a n t b e 0.770 S2 ~ 5.120
EO/f,'ff 1.307 - '.In s ig n ifican t b e 0*275 S2 = 9.167
lAT/ff® 1,657 - 'in s ig n if ic a n t b e  0.934 S2 = 9 .5 2 5
COHHBLAEIOH GOEI’i'ICIBKIS S200P IIP* CPeraales)
^ahle :'4t V; 'Pealt Up* ; ;
A Simple c o r re la t io n
/-'V ;WI' . ’ : 33S , ’ EO IAP HB
1. Weight 1,000 0.871' 0.903 0.979 ' 0.498
2. Erector splnae 1.000 0.983 ' 0.760 0.363
3* External oblique 1*000 0*816 0*333
4* Intra-abdosinal ' 1,000 0,545
pressure X .
5* Heart rate 1*000
B P artia l correla tion  (heart rate has been excluded)
( ! )  Holding one variable ( i l )  Holding two variab les
constant constant
; (a) 1 ' ‘ 2 3
r 1 2 .3  - 0 .2 2 1  .
r13.2 0.526 .
r23.1 0.931*
(e ) 1 2 3 4
r12.34 0 .8 1 1
r13.24 -0 .447
r24.13 -0 .835
r,
14.23 0.991
23.14 0.867
r34.12 0.511
(f l)  2 3 4
23.4 0.965
r24.3 -0 .396
r34.2 0.576
Av:. ‘Peafc Bown#: 
Simple c o r re la tio n
' ■ WT :v -.S3 ■■■ ■': . EO , IAF ■ , HR ;
1. rn  1 .000v 0.815* 0.871* 0.971** opr,*'U*VOc
2. 'jss.v 1 . 0 0 0 0.829* 0.839*“ : '.'/0.544
h BO ■; 1.000 , 0.955** 0.829*
4« ia P ; ' . 1.000 , 0.871*
3 . - ' hr - ’■ :V; 1.000
B C o rre la tio n  between up and down of th e  seise param eter
S3 • ... SO ' :XAP- ; V ' H K \  / 'v'V^V
0.98?***0.331w :0.924** 0.597 ‘ ; ’
0 P a r t ia l  c o r re la t io n
(1) Holding one v a r ia b le  ( i i )  Holding two v a r ia b le s
c o n s t a n t  c o n s ta n t .
(a ) 3. 2  ■ 3 '
(e ) 1  \ ::2 ' 
*12.34
3 4
r 1 2 . 3 . 0 . 3 4 0
-0.995
: r 13.2 0 . 6 0 2
*v% ■
a 13 24 -0*998**
'. *y% •
23.1 0.418
r 14.23 .0*999***
(b) 1 : 2\:  4 v'; : ''
r 12.'4 -0 .452 *23.14
> «-4f- ■ ,
'-0.994 .■
, r 14.'2 0.930*
r 24.1 ; 0. 711 ' r 24.13;
#*>
0.998
(c ) 1 3 4 ' • r 34.12 ■ 0*9.99 ■. ***
13.‘4 -0.809
r 14.3 0.959
r 34.1
(a) 2
0.935
' 3 ' .4
;;r 23.4. -0.155
r 24.3 0.592
r 34.2 0.852 i . v  '
. '// '•H .a teau  ttjp’* •, V
'■"■A;- . ./.Simple' c o r re la t io n  ■.
;; : ; e s -■ > s o ■ '■•■■ : / , i a p :v  v hr  ■:
1. WT 1 .000 0.623 0.806 0.967** 0.498
2. ES . 1.000 . 9 0.482 ; o,430 0.108
,3 . EO : 1.000' 0.744; 0.391
' 4. IAP • . 1.000 ■ 0.521
. 5. il:i ' ." .1 ,0 0 0
B-;.. .. .P a r t ia l  .c o rre la tio n  ■ •
(1) Holding one v a ria b le  ( i i )  Holding trio v a r ia b le s
-co n stan t c o n s t a n t s ■ . ■ .
(a)  1  
'*12 .3 ' 
r 33.2
2  '• 3-'V / 
0.453 
0.738
(e ) 1  2  
r 12.34
3
0 . 9 2 6
r 23.1 -0.045 : 7  r 13*24. ' 0 . 6 5 1
(b) 1  
r 12,4
2  ; 4  ; 
0.904* *14,23 ' 0.987*
r 14.2 0.990** *23.14 -0 .526
r 24.1 -0 .870
(c ) 1 ’ 3 ■* -4 ' ' ' ; r 24 .13;;’ -0 .908
, r 13.4 0.509 *34.12 -0 .562
r !4 .3 0.929*
r 34.1 -0 .237
(d) 2 3 4 -
r 23.4 ' 0 . 2 6 8
T 24 .3 0.122
*34.2 0.678
: 44
•Plateau Bowa*
Simple correlation".
S§
1 .
2 .
3*
4.
5.
m  , 
i s  - 
ID 
IAP
1*000 0.579
m  , 
0.128
XAP
1.000 -0 .187
1.000
0.962
0.609
►0.145
1 .0 0 0
## 0.882
0.332
►0.149
m
0.932
1.000
#*
Correlation between up and down of the same parameter
0
- v i s  : .  f  'HO 
/ '0 .3 8 lv;V0*371'-
P a r t i a l  c o r re la t io n
2 AT ■ " HH ■ 
0.966 0.397
( i )  Holding one variable  
constant;
(a) 1 2 3
r12.3 0.629
r13.P 0.295
r23.1 -0 .323
( i i )  Holding two variab les  
constant •
(e ) 1 2 3 4
r1 8 .34 ■ O.S34
■13.-24 0.998**
(b)
r. 14.231 2 .4 - 0 .0 3 0
*14*2
'24.1
( c )
13.4.
14.3
0.942
0.232
3
0.993
0.999
«— r23.14
r 24.13
0.999
- 0.836
- 0.826
###
4
IB# .
'34.12 -0 .998
( d )
34.1 -0 .993
23. f  -0.125  
'2 4 . 3  0.599
'34 .2  -0.039
• ; .Tmm\ 45
• Average .;Upv.' 
A ■ . Simple co rre la tio n -
■ m  is;
1* W3*. 1.000 0,791
2, ■■'MB'- 1,000
' 3. BO ’
4* vIAP : ■
■ 5 - KK
B 7 P a r t i a l  c o r re la tio n
'•'(i)... ..Hol&ing one v a ria b le  •
'' - c o n s ta n t7
(e ) 1 2
*12.3 -0.242
*13.2 0.773
*23.1 0.745
(to) I 2
;r i2 .4 0.916*
■■; *14.2. 0.589*
Vr 24.1 -0,668
(c ) 1 3 ■’
*13.4 0.825
*14.3 0.949*
,  *34.1 -0 .634
(a ) 2 ’ 3 ■
*23.4 0.871
*24.3 -0 .464
*34.2 0.763
,.10 . IAP . H R . .
0.920 " 0.975 0.498’
0.907*” 0.652 0.293
1. 00© 0.837* 0.384
1.000 0.545
1.000
( i i )  Holding two v a r ia b le s  
oonstan t
(e) 1 2 3 4
*12, 34 0,712
r 13.24 0.137
*14.23 0.973*
*23.14 0.507
*24.13 “ 0.768
*34.12 0.040
- w m m :m  . : ■ ■ ■
?Average' Down*
A S irip le '.. co r r e l a t  Io n
W2 m  , IkV lilt
1. V«T 1.000 0.742 0*964 0 . 8 8 2 *“  g -
2. S3 ; 1.000 0.819* . 0.920 0.632
3. BO 1.000 ... 0.699. ■■.;0.S17
4. 1AV ■ 1*000 0.836*
5. . HE lvOOO
B C o rre la tio n  between up end down of the sarae param eter
m  - ItiP ;• ' m. ■
0.971
*:*- :: • 
,0.933 : 0.924 . 0.597 .
C. Faxit i a l  c o rre la tio n -  ; •
( ! )  Holding one v a ria b le  
constan t
( i i ) Holding Km '.y a ria b le s  
constan t
(a ) 1 2 3
r 12.3 0*753 ' (e ) 1 2 3
r 13.2 0*026 r 12.34 -0 .155
r 23.1 0*513 ' *13.24 0.373
(b) 1 >  ; 4 
0.112
. ■ : v ■ ■ r 1 4 .23 0.831
*14.2 0.800 r 23.14 0.633
r 24.1 . 0*453 ■' r 24.13 0.593
(o) 1 3 4 *34.12 -6 .433
13*4 0*359
1r1 4 .3  0.928*
r 34 .1  -0 .0 9 2
(a )  2 3 4
r2 3 .4  . 0 .6 2 ?  
r2 4 .3  0 .844
r3 4 .2  -0 .2 3 8
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'Comparison - o f re g re ss io n  ..'lines' f o r . up .and down,-moire® e a ts  .
in  females* ■
A ' . Comparison of. slopes ■ ■ ■ v' : . t  c r i t i c a l  value ■ 2*31
. . p < 0.05
( a) . Bsate'- v'
lr*  Spinae on weight 0.939 
. ' Bxt*: Oblique'.on weight' -.:. ^0*040 
I*A# P ressu re 'o n  w eigh t’ ', -1*826 '■
H eart - r a te  on weight; , -2*140 
(h ) ■ b a te a u
Br* Bpinae:;'on. w eight ■ : -1*033 --:
’Oblique on w eight 0.552 - 
'P re s su re ’ on w eight ■ 1*329
-Average ■-
- H r...Spinae' on 'w eight ; 1*041
" 'EKt. Obliqttte.on'w eig h t;■’ . -0.267 ’
”1.'A* P ressure on weight-; -1 .563 ’’
B Oomparieon o f  in te rc e p ts  t  c r i t i c a l  value 2*26
f <  0.05
(a ) Steak t  5 coaaaoii slope . E etiaate ox ’ Bean equare
ES/vV2 0,484 0 .8 1 6 27.905
m / m 0.999 0.633 10.647
iAP/Wf -1.705 1.529 1 6 .0 7 6
HR/i • I -0 .549 0 .3 1 8 9.485.
(b) Plateau
ES/ffS 1 .3 1 6 0.331 24.475
EO/85® -1 .576 0.094 6,674
XAP/S2 -0 .836 -4.826 -3 .7 2 7
(o ) : Average- 
m / m  ■ 1.233 ; . 0.605' ;:■./■■■ ■ ’ ',21.911
-0 .172  , 0.3B2 ’ v ” : . 5*690
■; -1 .838 ' ; r - 1.150 . ’10.354
Coiomeats on c o r re la t io n  analysis in  females? ■
■ In  th e : female s e r i e s ' the  degree o f .simple c o r re la t io n  
■. between the various param eters and phases i s  markedly sm alle r 
as compared w ith  the male population* Change in  h e a r t  f a t e  
does not show any c o r re la t io n  w ith  any param eter in  the  
f  i f  t-up-phase# whether peah* p la teau  o r average. In  the 
lift-d o w n  phase a v a r ia b le  le v e l o f s ig n if ic a n t  c o r re la t io n  
does e x is t  between the  magnitude of w eight and the change 
in  h e a r t r a te  and also  between the magnitude o f the r i s e  in  
in tra-abdom inal p ressu re  and the change in  h e a r t  r a te ,  
.-further# e x te rn a l■ o b liq u e" a c t iv i ty  i s  not c o rre la te d  w ith  
©ny param eter in  p la teau  a c t iv i ty  e i th e r  in  the  l i f t - u p
o r  the lift-d o w n  phase nor during  the lif t-d o w n  phase of
average a c tiv ity *  fhe frequency o f c o r re la t io n  and le v e l  
of s ig n if ic an ce  i s  considerab ly  reduced as compared w ith  the  
males when th e  a c t iv i ty  o f e re c to r  spinae i s  compared w ith  
the magnitude of th e  in tra-abdom inal p ressu re  and w ith
the magnitude of the weight*
P a r t i a l  c o r re la tio n  hold ing  one fa c to r  cons tan  t  i s  
equa lly  reduced in  s ig n if ic a n c e  and frequency* Ihe only  
c o n s is te n t p a r t i a l  c o r re la t io n  i s  th a t  between th e  magnitude 
o f the weight'.and the magnitude o f the  in tra-abdom inal 
pressure* Some degree of s ig n if ic a n t  p a r t i a l  c o r re la t io n  
e x is ts  ©t tim es between the magnitude o f the  w eight and 
e re c to r  sp inae and e x te rn a l oblique a c tiv ity #  sad a lso  
between the a c t iv i ty  o f e re c to r  spinae as compared w ith
e x te rn a l oblique a c t iv i ty  on the one hand, and external 
oblique';.activity'.-and In tra-abdom inal' p ressure ■/changes. on 
.the other* '..Partial, c o r re la t io n  h o ld in g  .two v a r ia b le s  co n stan t 
i s  e o h s is te n t ly is ig n i f ic a n t  only'.when the''M agnitudes'O f the  ■ 
weight and the intra-abdCBiinel p re ssu re  changes a re  compared# / 
•A v a ria b le  - degree o f  ■ p a r t i a l  'C o rre la tio n  h a s . a lso  been found' 
to  e x is t  1) between the  a c t iv i ty  o f /e r e c to r  sp inae ' and ''the;-.":' ■ 
BSGgnitude of the in tra-abdom inal p ressu res# ' 2) between the. ' 
a c t iv i ty  of:-external''/oblique and-the magnitude o f tha  :
; in tra-abdom inal .'pressure in  th e : peah-dowu-phase f. ■ and 3)
•the magnitude o f the w eight: and . t h e a c t i v i t y  o f .e x te rn a l  
■ oblique in  the p la teau  down phase* fhus -the. magnitude: and . 
■frequency of /p a r tia l '.c o rre la tio n -h o ld in g  -two-- v a r ia b le s  . 
co n stan t i s  markedly reduced. i n  -/comparison to  the. f ig u re s  
f o r  the. tnale 'eerios# -■ . Ouriously#^, some-high negative  
; c o r re la tio n s  have, .aleo been found between som e'param eters in  
noise Vphnses# ;
■ '. ftegression^analysis#  .'.Out .of -56"reg ress io n s  -calculated  ' ,
-. only .14. w e r e - s ta t i s t ic a l ly 's ig n i f ic a n t  to  99^ level*  ‘ Among - 
these  the  reg ress io n  o f  c o n s is te n t .s ig n if ic a n c e  i s  th a t  
o f/in tra -ab d o m in a l p ressu re-on  w eight#-there, being-no. - 
s ig n if ic a n t  d iffe ren ce ' bartween- the  'reg ressio n  d a ta  when • 
lift-dow n/ i s   ^compared w ith  l if t-n p #
A m i*  m m i m  . .
fhe magnitude of - a c t iv i ty  , o f  the e reo to re s  spinae 
d u r in g ,th is  ere r e lee  increased  with the  magnitude o f the 
.weight.handled* She electromyographic a c t iv ity  o f the  
e re c to r ' spinae'- appeared as b r ie f /h u r s ts  "of . action  poten tia ls#  • 
the number an d 'd u ra tio n  o f  such b u rs ts  being variab le#  
fhus' during any s in g le  Bovemeatsof the  fo u r  phase exercise  
th e re  i s  no su sta ined  a c t iv i ty  o f those muscles* fhe time 
. relationship, o f t h is : a c t iv ity -o f  the e re e to re s  spinae was 
variable f o r  d i f f e re n t  su b jec ts  f o r  a ' l i f t  o f the same 
magnitude and a lso  f o r  d if f e re n t  weights fo r  the  same-; 
ind iv idual*  Further# the  peak a c t iv i ty  o f the muscle complex 
or the sco re .gradient was n o t .d is tr ib u te d  in  any fix ed  
o rder during  the various phases o f the  exo rc ise  with  
su ccess iv e ly  in c reas in g  weights*, fjrank movements during  the  
■exercise as seen from the c ine film s  consis ted  m ostly of 
ex tension  from the i n i t i a l  p osition  In  the  f i r s t  th re e  phases# 
fhe l a s t  phase involved s l ig h t  flex ion*
2he magnitude o f -the ex te rn a l oblique: a c t iv i ty  was ■ 
a lso  re la te d  to  the  'magnitude o f the weight being handled#
With sm alle r weights no d is t in c t  a c t iv i ty  p a tte rn  ©merged#. 
bu t w ith  increase  in  w eight th e re  was: a  tendency fo r /  
electrom yographic a c t iv i ty  to  be in te n s if ie d  during th e  f i r s t  
and th i rd  phases-of the exerc ise  when the weight was being 
l i f t e d ' u p  e i th e r  from the back, or from ■'the f ro n t  o f th e  /: 
shoulders* In te n s i f ic a t io n  o f th i s  activity was a lso  n o ticed  
while the weight was being rep laced  in  the  o r ig in a l  p o s i t io n
{fig* .24 A ) .
During the second phase of- the  ex e rc ise  when the" 
w eight was c a rr ie d  .forwards from above the  h ea t th e re  was 
s ile n c e  In  the  -external obliques# During the f in a l  -phase ■ 
o f the ex e rc ise  th e re  was more continuous a c t iv i ty .  . Once 
th e 'w e ig h t was -replaced -the muscles became. s i l e n t . •
The p a tte rn  of- in tra  abdominal p ressu re  change c lo se ly  
followed th a t  o f the e x te rn a l oblique w ith one e s s e n t ia l  
differences' . a d i s t in c t  peak occurred in  the fo u r th  phase 
o f the - ex e rc ise  with a l l  weights# i t s  magnitude.-increasing 
w ith  increase  in  the weight lif te d *  With the  la rg e s t  w eights 
(30 E g .) g en e ra lly  the peaks in  the f i r s t  and the'-'third 
phases of the ex e rc ise  became d i s t in c t ly  la rg e r  than those 
in  the rest of the e x e rc ise . In ad d itio n  to  these -three 
peaks* in  the second phase when th e  weight was brought 
forward from above the  heed either" a su sta in ed  p ressu re  
o r  a sm alle r peak was o f common occurrence. This# a p a r t 
f ro m -s ta tic  situ ations#  there was a ra ise d  p ressu re  throughout 
th is  e x e rc ie e . ';’ ,:
There was an increase  in  h e a r t  ra te  during  the  ex erc ise  . 
of 15 to  25 beats-, per minute when handling loads o f 10 to 
30 Sjg* The.most common' time f o r  th i s  r i s e  o f the h e a r t  r a te  
was during the second and the th ird  phase of-the ex e r c ise .
O enerally the h e a r t  r a te  s e t t le d  a t  a ra te  h igher than  the 
I n i t i a l  r a te  a f t e r  f in is h in g  the e x e rc ise . The len g th  o f  
time- f o r  which the h e a r t r a te  stayed a t  th is  increased  le v e l  
has not-been s tu d ied .
SMXTm KOBIDJ'Sf Of SHE SHffi W U im  MX&h 10ABXBS AH) Lim ftG
' She rang© o f s a g i t t a l  m o b ility  during  a x ia l  loading 
and l i f t i n g  was v a r ia b le  bo th  f o r  d i f f e r e n t  l i f t s  o f the 
same su b je c t and fo r  the same l i f t ■ in  d i f f e r e n t  sub jects*
With sm alle r w eights the" range o f movement was very  sm all 
as compared w ith  h eav ie r weights* While handling l i g h te r  
w eights .the lumbar v e rteb rae  are  m aintained r e la t iv e ly  
immobile an t the w eights are  moved to  and f ro  by the movement 
o f the head* , However# i t  was n o ticeab le  th a t  the v e r t i c a l  
ax is  o f the weight w as 'kep t as c lo se  .to the  v e r t ic a l - a x is  
o f the body 'as possible* ' f h is  e f f o r t  was maintained in  
l i f t s  w ith  h eav ie r w eights as w ell and the e n t i r e  tru n k  was - 
e i th e r  s l ig h t ly  flex ed  when' holding the weight on the back 
o f the shoulders o r  when bringing i t  back to  the shoulders# 
and was s l ig h t ly  extended from, the u p rig h t p o s itio n  when 
l i f t i n g  i t  up or p iecing  i t  in  the forward, p o s itio n  re s t in g  
on the palms n e a r  the  shoulders*
C X ’X ' U i  V /4 . 1U <^C4J.A U  U M W . ' V W v   ------- -------------- ---------------------------
parameters (peaks) during ax ia l loading and l if t in g *
i
wt.
l i f ­
ted
Ho . , ........
Mean
Std .B ew•^hrt ----
;■ ■'EM®; i.
Expressed as percentage of maximum •
W' ,
1 ,
|
i.:>:
-i>. "n""..JI V
j OBLIQUE
i* ■> \ ? - 
r
——_—.jj uU « JLijJ. Z^ZT r™'"
Coef*
Var* v ' " ERECTOR* SElHAE 
A C Iiym •
EXTERHAL
ACTIVITY
UE ; ; EE '■ BE BK UB : i ■ PE T O
H ' ...... 14 ' , 14 ’• 14 14 ' 14 I.--;: 14 14
x • , 38*10 26.73 ’33.55 20.65 ■ 23.53 • j;' 3.98 21.7;
15 SB 16*40 19.91 •18.48- 24.02 13.78 . ' 1j' 6*43 2 0 .6<
Kg. SE 6.69 8.13 > 7 ,5 4 r 9.80 5.62 - , j 2.62 8 . 4  J
; Of ' 43*04 74.48 : 55.08 116.31 5 8 . 5 6 !•,.161.55A# 94.9C
H 11 11 11 11 11 ■ 11 11
20 X 46.60 3.30 39.95 33.30 50.30
1 9 ,00? 4 8 .3(
SB 2 8 * 2 8 4.66 37,68 47.09 8.90 ' 1 . 4 1 44.8:
Kg* . SE 20.00 .3*30 26,65 33.30 6.30 1.00 3 1 .7<
G\r 60*68 141.21 94.31 141.41 17,69 15.66 92.8]
H 9 9 9 9 9 l i  9 -  ■ 9
■ X "■ 24.80 64.80 53,50 0,00 52.50 :i3 .85 35 .8(
ITer SB 6,78 49.78 23.33 0.00 67.17 : 19.58 43.5:i\g*
BE 4*80 35.20 16,50 0.00 47.50 13.85 3 0 . 8(
C? 27.33 76,82 43*6 0. 127.94 ,;L41.37 121.6'
H 4 4 4 4 4 IS 4 4
x. ■■ 73*73 3 1 . 8 0 49.40 21.63 32.40 24.93 51.5(
SB 9.56 10.24 27.82 4.19 15,30 21.84 23.0:
Kg* SB 5*52 5.91 16.06 2,42 8.83 12.60 13.2!
CT 12.96 32.20 56.31 19.37 47.22 87.60 44.6!
e r ro r  o r means aaci c o e f f ic ie n t  o f  variations of d i f f e re n t  :* ’
parameters (p la te a u s )  during axial loading an& liftin g*
: 3J:G :, ' -• '
^  - • Ho 'Expressed as percentage of maximum ,
l i f -  ■’■ Wean - ;V i
ted  SteUBsv* ■ |« ‘ . 1
, * i^ru#ifin * ■ *
'Ooaf.Tar*
m m m n  s h i a e  a c tb / i c t
•
exiebhat.
‘ t  '1j. ■, > 
/■'I
, H
, OBLIQUE At
\?r-i - - '
UP - Pit ■nr- • m ■' UP PB , ,
:. m “ " . . 14. 14 '-'■ -14 14 14 .
» ^ 1**
24' ■
. Jk- ■ - . 13*60 8.93 8 .75 ' 10.00. 7.30 t^ 1•; 2 * 7 2  ■ 1 2
SB ■ 53,34 7.45 7.67 24.49 9.94 VI'' ". * 2 . 2 2 1 5
t  m  . . ■ . 9*53 3.04 3.13 10.00 ; -4.05 f ^ 0*90; ; .6
■' C\r 171*6.1 83.42 87.55 244.90 136.16 ' * VfV '1i 02*91 1 1 7
K ' . . " ' 11 11 11 : 11 11, ..iviiii 12
. 1  ' . 46.60 36.60- 39.95 33.30 16.00 > , 9*00 1 3
si) .: ,28.28 42.42., 37.68 47.09 ■ ‘•5.65 * 4 ;> 1 . 4 1 .4
. sis ..;. 20.00 30.00 26.65 33.30 4.00 fcC*. 1.00 3
m 60.68 115.90 94.31 141.41 3 5 . 3 1 ;./ 1 5 . 6 6 35
i . ' . 9 ■ 9 9 : 9 . !r: 9
. ; 1  f . 24.80 19.80 26.00 1.75 30.00 ,1}*t S#‘j 9*59 16
■ SB 6.78 13.85 15.55 2*47 35.35 , i.*> .&K* f M « »)4 7*84 16
-SB 4.80 9.80 11.00 1.74 '25.00 KViki?<r
:v 5.54 11
0? 27.33 69.94 59.8 141.14 117.83 |f] H I*  28 9 8
. M 4 4 4 4 4 f >“ t;{ 4
erro r of'neans ana coeffic ien t of venations of - d ifferent
parameters (averages)'- daring'- axial loading anfi l i f t in g .
wt. I d
: m o
Bf. pressed as percentage of. maximum
fltl
l i f ­ MeanStdiDev*
■ ■
I
ted- StdiErr* ,'.L1I
■ -OoefiYar* rrr" |^#a|i;
BBEC20B SPI1TAE iC H TIH EPISRMI. nji'tsr .^ OBLIQUE AC!
UP PR UP BE UP PR: % ' - 1
' I 14 14 14 14 14 ■
35 1  * . 35.31 26.70 33.61 19.68 19.90 K* J|§|4.80 15
ib . SB - , 16.03 19.92 18,46 22.67 11 .58 5.96 17
. m  . .6.56 .8,13 .7.53 9.25 4.72 .-4.'2.43 7
* 07 , ' ■ 45.53 74.6 54.92 115.19 58.19 '124.16 10c
ii 11 ; 11 11 11 11 11  11
■; 1  . ; 46.60 36,60 39.95 33.30 38.90 fcvJv- 9 .00 4843 ' SI) : , 28,28 42,42 37.68 47.09 15.41 &.? -i -i - -1- 1 .41 44
-lb. . SB 20,00 30.00 26,65 33.30 10.90 VI i 1 .00 31
— 07 - . '- ■ 60,68 115,90 94.31 141.41 39.61 fe‘ 15.66 92
IT 9 ' 9 ' 9 9 9 : Jl? , 9
50 1  , 25.00 65.00 26,00 ,0.00 52.50 : ||i' '13.85 40
lb . -. SB . .. . 7.07 49,49 15.55 0 ,00 67,17 t* ■'19.58 36
■ SB , ■ ,5.00 35,00 11,00 0,00 47.50 If* 13.85 25
07 . 28.28 76,13 59.80 0. 127,94 ...ipfl .,141.37 89
M 4 ': 4 4 4 4 j;; v; 4
'55 . 1 56.00 33.46 43.23 21.63 29.06 22.46 51
lbs* SB 17.05 ,7.36 20.81 .4 .19 18.48 23.87 3
, 9.84 4.25 12.01 , 2.42 10.67 ^  ‘ & 3 .7 S ' 11
o? . , . 30.44 21.99 48.13 19,37 63.59.-' I •106.27 51
........ " ; : ' : ..........  ' - I ; ’
fhe means ana other  s t a t i s t i c a l  d erivatives are .given 
in  ta b le s  52  and . 5 3 . ’ ant the  individual values appear
in- ta b le s  in; Appendix -21*
The mean ratine -of ■ ty  o f the  e re c t ores sp inae in.
male population mss found to :be f rom- 1 3 to 34*1^, 
aod in  the..female population from 9 *1?* to. 1 T#1^ of the  
maximum* • In most o f  the' subjects o f both populations, t h i s ’; 
ex e r c ise : did not g en er a lly ' involve g r e a t . activ ity*  and such 
as was observed usually  occurred in  b r ie f  bursts* In  1? ■ 
subjects where a peak o f  - considerable magnitude was recorded 
i t  was. associated, w ith s l ig h t  swinging movements o f  the
la s  t©cl th ro u g h o u t. the ase
the exercise* nor was any firm re la tion sh ip  estab lished  with,  
-the command fgo*.  '
'f ile  mean.a c t iv ity  o f  the external obliqjues during  b ar 
hanging f o r  males* ranged from 6*8  to  1 4 *8 ?' and f o r  fem ales 
from 21*4 to - 4©$* ’In  general* these, muscles remained cu ’n e r 
s l ig h t ly  .active o r  in a c tiv e  .though b r i e f  b u rs ts  o f peak 
activ ity - l ik e /th a t  o f the erect© res sp inae were. a lso  recorded* 
Ho sustained a c t iv ity  'of,-these' muscles during" th is  e x e r c i s e : 
has been observed* . l i k e - th a t  o f the erect©res spinae* 
these  a c t i v i t i e s  were asso c ia ted  w ith  s l ig h t  ..ewinging movement 
o f  the ••suspended subjects*
Xnira abdominal pressure in  th i s  ex e rc ise  p resen ted  a.
e varia tion -and  no gen era l p a tte rn  could be seen . 
records* She mean o f the population  ranged- from
. 2*6 mm to 4*7 mm/Bg fo r  males end from -2*4 t6 .-5 * 2  
m /U $: 1n females* Among the  males, e ig h t su b jec ts  showed 
■no change from• the restin g  le v e l ,  whereas eleven subjs c ts  
developed-a n e g a tiv e ;pressure m aintained throughout.the 
I n i t ia l 'h a n g in g  phase*. ’ ..The remaining ten  su b je c ts  
showed'a p o s itiv e  p ressu re  always asso c ia ted  with the  
external- oblique'muscle 'a c t iv i ty ,  peaks of a c t i v i t y  in  the 
two■param eters coinciding* • This p o s i t iv e  in t r a  abdominal 
p ressu re  was- no t m aintained '-throughout 'the  i n i t i a l  'hanging 
..phase, b u t :declined- to the restin g  value- where i t  remained’ 
steady* Among the fem ales, one re ta in e d  the pressure a t  
the restin g  le v e l ,  whereas the rem ainder ex h ib ited  a . 
sustained.' negative ‘pressure* -■ '
•. She h e a r t r a t e " g e n e ra lly  showed a g radual bu t sm all -' 
r i s e  while - Hanging from "the b a r , • th e  mean, r i s e s  for- the - 
males-, and' fem ales being 10 and 11 b e a ts  par minute; resp ectiv e ly
fa b le s  .54 and 55 - g ive th e ’ m ean.values aM - th e ir  
s t a t i s t ic a l  d e r iv a tiv e s  and Appendix XX con ta ins t h e .' 
ind iv idua l.va lues*  '
fhe mean range of a c t iv i ty  o f .the erec to res- sp inae in  
tliie  ex e rc ise  f o r  the male population  was' from .-22*5# to. 50*4#. 
o f maximum, and f o r  the ftaaXe population  was from 26# t o . 34*4#* 
ffihls ex e rc ise  g en e ra lly  in v o lv e d -c o n s id e ra b le 'a c tiv ity  o f . 
the erectoreB  spinae muscles throughout* As the su b je c t /;
moved to  place M e ch in  above the b a r o r p a r a lle l to 
th e  b a r ,, a sharp  h igh  le v e l  of a c t iv i ty  occurred* %mo 
c le a r  p a tte rn s  of - traces- are nea rly  equally d i s t r ib u te d ' 
among the p o p u la tio n # In  the f ir s t '  on e.(16 s u b je c ts ) ,  
■there i s . a . su sta ined  high le v e l -o f-a c tiv ity  Im m ediately - 
a fte r-th e- 'b e  ginning o f the exerc ise , w ith  a sudden peak - 
. appearing 'w hich qu ick ly  declined  in to  ano ther su sta in ed  . 
lower p la teau  which may or-may no t show a sm eller peak 
as-,the ■ a c t iv i ty  ended*.. In the o th e r p a tte rn  ( 2 0 'su b jects), 
the discharge from the eree to re s  sp inae reached a peak 
immediately' a f te r ' the e x e rc is e 'was' begun' and" th e n ' developed 
to a m aintained le v e l  which' la s te d  up to  -the. end o f the - • , ■ 
a c tiv ity *  In . the .fo rm er case the  ,peak of a c t iv i ty  is- • 
.'associated w ith  chinning- the- b a r and in  the l a t t e r  w ith  . 
r i s in g  to ’ the bar*, the l a t t e r  group o f  co u rse ' could ' no t 
-fu lly  r ise  to' chin .the b ar ( f ig s * .25 A & ' 8 3 ■
the magnitude o f mean a c tiv ity , -of the  ex te rn a l, ob lique 
during, bar' r i s in g  -.for the  male subjects • ranged from 25*9 
to 57*2# and f o r  th e  fem ale su b jec ts  from 22*6 to ,49*6#*
2he ty p ic a l pattern" o f e x te r n a l ’oblique a c t iv ity  in  bo th  
populations was a n ;in i t ia l  peak d ischarge o f ac tio n  
p o te n tia ls ' which' declined in to  a - lower value which was 
maintained"for' the" whole "of the' exercise''' u n t il  . "the- su b je c t 
resumed tbs hanging position* However, in  some. subject© . 
who e i th e r -  could not r i s e  on the- b a r  in  one go o r made a 
few unsuccessfu l attem pts to r i s e  - fu lly , more than  one -peak 
o f activ ity ; was' Observed, each-being asso c ia ted  w ith  an
i: DEYICE5-ENGI.AND '■ K.2250-! 5t
Subject 20 LP Bar E xerc ises
e f f o r t  to rise*  "• On return to  the hanging p osition  the
a s te r n a l ob liq u e -became e i l e n t  and remained that way 
In -a ll'su b je c ts .-  \
' She in tra  abdominal p ressu re showed - a co n sid era b le  ' 
r i s e  in  m ales'as w e ll  as fem ales during;.'this' phase1 of. 
the e x e r c is e .  • She- mean p ressure rise., in  the; males l s j  .-. 
between 28 .and .41 ram/Hg and in  "the fem ales i t  la y . between-'.. 
11 and--25 -to/tfe* --/-flie patternVof. in tr a ;abdominal, pressure 
In cr ea se s  in  both' p opu lations was 'uniform*; \/ihere was m  
I n i t i a l  s te e p  r i s e ' I n  the pressure which, receded' in to  a -. 
m aintained -/level la s t in g  f o r  most -of -the time ofvthe'/ / 
e x e r c ise  and. dropping t o ' -a resting  : l e v e l .. on '.returning to  / 
the hanging p o s it io n .  - . .■ '.
Generally - the' s l ig h t  increase in  the heart ., rate; .of; .' 
the hanging phase.'-of the .exerc ise  w as,maintained.fo r  t he';..' 
f i r s t  couple of - seconds.or more, a f t e r  w hich a' co n sid era b le
Increase in  h e a r t 'r a te  s e t  in  and was •''sustained/ t i l l  ., the 
th ird  phase- o f . the - exere i e e * - ■ fhe mean- /ris© ■ i n ' the - he a r t .' '• 
rate  for' vfcfe male •and' the fem ale population-w as 26*3 and 
.32,5- b ea ts  per m inute.' ( f i g .  .)*/ . \ '
';■ f a b l e s . a n d  5? . g ive . th e ; mean. va lues and - t h e i r  . 
's t a t i s t i c a l '-deriva tes  and -App^ntiK I I  .gives, -the - in d iv id u a l , . 
values f o r  ..the v a r io u s ' subjects*. . /■■■■.■'
• . ' 2*he mean a c tiv ity , f o r  ..•the-'.arectoresspinae fo r. knees up/; 
ex e rc ise  f o r  the male- e p i la t io n 'r a n g e d 'f ro m  3*3 ’to ; 19*2^ and 
f o r  the female population  'ranged';frota -.-4* 0. t o : 11* • ; ; ,
Shis a c t iv i ty  d id  no t appear u n t i l ,  the  flexed  knees , 
were extended again  in  hanging posture# Once the knee - 
ex tension  was achieved the e ree to ree  sp inae were rendered'; ■ 
s ile n t#
the range of."the mean a c t iv ity  .of the  external oblique 
during knees - up. la y  between 24*.& to 53*8$ fo r  males and 
30*2..to 53*8$ for..females in  the  .present .investigation*
fhe 'general p a tte rn  o f the m uscle' a c tio n  p o te n tia ls  was m  ' 
i n i t i a l 'p e a k  which-may.b©:;.reached e i th e r  immediately a f t e r  
the beginning o f the  ex e rc ise  or. I n  th e  form ..of a steep..".... 
i n i t i a l  phase r is in g 'su d d e n ly  in to ’.a peak# ; When, the th ighs 
became .horizontal," ' the peak. declined in to  a... sustained  
com paratively low lev e l, of .a c t iv i ty * ’ W ith-the process o f 
the beginning o f the" knee extension, these.abdom inal muscles 
became q u ie t and rem ained■so*
lb. general,, th e re  was a low- sustained in crease  in  the  
in tra .:.abdominal, p ressu rin g  during knees up i n .both  populations* 
,fhe mean le v e l .o f  r i s e - f o r  males ranged fro® 11*9 ..to
16' tm/Be and.-for, fem ales 4 to  1 ? 'mrn/llg# ; fhe .r ise  a n d - fa l l
o f the in t r a  abdominal p ressu re  in ' th is- ex e rc ise  was gradual • 
and coincided'w ith the  a c t iv i ty  o f the  e x te rn a l oblique* ■
$hus.. w ith the  onset - o f the  knee extension- th e  p ressu re  
disappeared fo r  good.
In  the knees up/phase of the  ex e rc ise  the in c re a se d - 
heart r a te  was g en e ra lly  m aintained though th ere  was a 
tendency towards s l ig h t  reduction* She mean h e a r t  r a te s  .
recorded■ f o r  the male and female populations were 25*4 and..'
29.7.. be a ts  per minute * ■ A fte r the  comple t  ion o f the  ^ eim rc i m  
th e re  was ©' tendency o f - f u r th e r  reduction  in  the h e a r t  ra te*
fab le^g  showing the number o f su b jects, means* 
s tandard  deviations* standard  e r ro r  of means* 
end .o o e ff ie te n ts .o f  v a r ia t io n  o f d iffer en t . 
■parameters o f male population  during  BAH HA17G-XKG** t ifi  -in in~Tirwiiri'^ '.iininn nniinTimiimir«—m > iiTwmtmtrn Wi minHiMfriiiniliiMi.'ili'Mi I »Mni«iiii.i ihihih<i
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.Std*Bev#
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maximum.on
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Xntra-
aMoxninel
pressure
x u J Z sm
r.H tr/.E
EXl'EHH&jj 
OBilQUE
Change in  
H eart
Bate
B e aW & in *
i j! WUKffn i tii^  fMgJtani j^ gr*?w;igrfB3g
2feak;, ' "ft ' 29 29 ;29 ■ 29
*\'r' •
. A  v 34.107 . 1 4 -. 818 4.758 : 10.137
BD‘' 25.242 14.912 11.605 14.867
■ SB 4.687 8.769 2.155 2.760
cv; 74.000 100.634 243.880 146.650
■ B . : . 29 . 29 2D
Bint*** - 1  ■■ 13.311 6.839 2,654
eau ' - SB ; 10,037 7.839 7.730
SB ■' 1.863 . 1.455 1 .4 6 0
. . CY 75.400 114.610 291.190
; If ' 29 . ' 29 29
Aver* w./. ■ 23.462 1 1 ,2 0 9 .3 .053"
age “ SB 16.392 11.262 9,098
SE­ 3.044 2 .091. 1.719
CT 6 9 .8 6 0 100.470 297.960
Sabi© 53 . ■ shoeing: the 'number o f subjects', means.
standard-dev iations*  standard  e r ro r  o f th e  means* ; 
and.'. the- c o e f f ic ie n ts  of- v a r ia tio n ' o f -..different ■ 
param eters o f female - population ' daring  BAH HANGrXHOwa^ fbMMVMMBRaWMMHMMMwReMBlMa^ aaMaHMMMMMaMagBaaMWOT 1H1I1TT1!D1lT^ T?tttl?WTiwWf1tfMinB«T‘T>'>te',t1 WW
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ean '
I
%
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SB
SB
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SB
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SHIAB' ■ ■;■ 
P e rc e n t age- 
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■-the /record-
MM*
•: ; T-=:- :■ 
17*185
■'5*046 
■77.685
7 '
•9 , 1 0 8  
'.9*939 
3*756 
■■109 .1 2 7
.. . 7 . ■
13.152
1 0 ,9 8 5
■ 4*151'
83,518
OBMCfllE 
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the record/
7
40.014 
37.131 
1 4 .0 3 4 : 
92 .795
l a t r a -  .
.abdominal
p ressu re
.mm/Eg.
. . .  , , 7 ~ ;■ 
■21*417 
2 5 .4 2 0  
9*607
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7 .
-2.428 
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2.477 
*269,862
W«WWWW>a»ii*tfWr*ii
7
: 19*142
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'10*428 
144,134.
7
-3.857
: ■ 3,704 
’ 1,400 
-96.052
Change in
H eart 
H ate '
■Beate/min,
11*142
5*822 13.483
5 *.0962 ,200
-110,160 121.007
Sable ^  allowing th e . number 'o f ,.su b jec ts* meum? 
s tew a rd ; 'deviations*.'.' standard.' 'e rro r, o f  the mean* arid', 
the' c o e ff ic ie n ts  .-of v a r ia tio n  o f d i f f e r e n t  param eters' 
of male /'popu la tionduring ' BAE - EiSMdwiiMin mi m rrhaMifariiiti iMi inn i m rHiniiaiiO n
.Ho- -■ ■ ‘
Mean. • • 
S td iB ev *  
S td .B rr;.
: mm
Expressed as 
..of maximum
■Intra--
abdominal
pressu re  !'
Change
in
H eart
,tr ■T
I .
s ' —' : 
T,
Coe£*¥ar*.;' ■ • ■' 1 ■
: ESICI'OE 
SFIRAS'
EZTEHHAL 
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■ rm/Bg.: " B eats/E i;
■ ■! ; m  - . ■ 29':, r ’ 22 '
■; 50,456 . 9 7 , 2 0 9 41,137 26,586
"Peak ' 'J . . ‘ V C - '
" SB 24.061 ■ 31,448. . 24.255* ' 11^947
. SBr ■ 4.468 5,839 4^504/ 2.21S
o r .: ' . 47.680 v 5 4 ,9 7 0 .':;'; 58.960 44.930
■■■ ;I - - - -.29 ;■ - 2 9 ■: 29
P lai~ .. '- \:f 22,570 ;• 25,948 ' - 28.310.
eau ■ wSB ■ ' 13.-157;' 19,386 :■- 22.715 . / . - - -
■ -.SB ■■■■;."■ '■2,443 -3,600 4,218
C\r 58.290 '7 4 ,7 1 0 80.230
'2 9 ■ 29 ■ 29
Aver­ ; '36,626 41,612 34.896
age SI) ■ 17.664 -24.116 23.060
■ SE ■: ' 3,280 : - 4.478 : 4.282
■ c?.. r 48.220 : 57.950 " 6 6 . 0 8 0
Sabi© 55 showing "the number o f subjects*; means,-
standard  deviations*' - s tan d ard  error' of the mean,-' 
and the 'co e ffic ien ts , o f variation  o f  d if f e re n t  . 
param eters o f  'female population  : -during BAB ■ B131BQ
\T
A
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Ho: E xpressed; ob 7 srcentage o f
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Std.Dev*;
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SB . . 28.0X3■■■ 28.024 .• 1 4 * 1 6 2 12;869
QT? .10.58? ; 10.592 • 5*352' : ■ :;■ '-4*864
cv ' 8 1 * 2 7 1 56.436 . 56*009 ■ 39*511
\ M;; , \  ' .7.. . ' /  7 7
.■Plat­ - t  ' 16*064 22.690 . V::r 11*214 ''
eau . :SH 1 1 *2 0 ? ';  " 19.875 "■6*632 ‘
'-SB. ,- .4*236 - 'l; :;v 7.512 2*506
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H •/. 7 7 7
Aver**
; ■age ■ . -S- "25*756 : 34.560 17*000
SB ' ; 19*515 24.779 ■8*195'., -
. SB 7*376 9.365 3*097
7 0 ? - / 75*762 X,- 71.699 48*208
•table -. 56. sho?*iag the number o f su b jectsf - meanst 
' stand©rd deviation©f .-standard-, error, o f the -mean 
ant th e . e o e ff lc  ieh ts  o f  • variation  • o f  a if fe r e n t
farem iter©  of mole • population- during ’ KBBB3 UP'*■*■*>1 '
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m
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Nr- ::;:-;-; ‘;.V;V;:29-^ b. 29..;,- : :29, - - .29
i - % -.. :,;x9.*24i ■:-. . ...53*841. .'. •;:v. ; 16.241 '; 25*448
m V .20*869- -31*950 . : .10,745. . '' 5*223
S i r  ■' -■ - 3 * 6 ? r .""5*933 : 1*995 :  2 *8 2 ?
0 ?  v.. •. '101*460 ■'■■, 59*340. ■ • .,. 66*160, 59*830
eegaewagwBEa
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29 29
:-' ?  - - Aver-* .; ■ 14*295;;:. . - 3 9 . 2 8 3 ' ,  -- 14.366
age .SB ; ’. . '- - .14*616 - 25.357 9.148
. ::- ■..../ SB. '■ ■2* 7X4 ■ ■ 4.708 1.728
■ ->, €7 ■': V - 102*240- 64.540 ; ' 6 3 , 6 8 0
«<rauw3Jwwicae»wga«OTwu ^ ^
Sable tff . ■, . ©bowing the number, o f sub j e c t s ,  .means*' 
standard  d ev ia tio n s , standard  e r ro r  of the' mean.. 
and -. th e . c o e ffio ie n ts  ..of variation  .of -d iffe ren t ., 
param eters o f  f  emale population  - during  K3IBBS IIP
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k • -
BEBOS0R 
, -SPIHAE: '
. v;IXSE?JTAXi 
0BL1QHE .
■ ■ m '■■ ■ ' 7 7 . ■ ■ 7 : ■' 7
' . X 11.502 ■ 53.647 : ,17.428; ' 29.714
Peak ■ m  ■. 7.283 /:V 3 i*497‘-V. ft *v*l *| 14.716
. . SB . . . 2.752 7.299 5.562 :
■ C7 ' 63.319 ;': =■ ■ - 58 *712., ; . 110*806 49.526
■ 1
H ; 7 ' 7 7
. X ■ ' 4.058- ■ ■ 30.2X4 4.285
Plat­
eau SB ■ 4.252 : ,18*995.- ■; 5.154 :
. SI '. 607’; ■" 7.179 1.948
■ OV.;--,104.774' v/■ 62.868: ' 120.277
H 7 7 - 7
' ■ X : 7.722 40.254 7.142
Aver-
age' SB 3.827 ; 24.694 ' 4.413
: . BE 1*446 9.333 1* 868
c? 49.563 ■V  81.345 - 61.784
' I n d iv id u a l .v a lu e s . a re  ■ g iv e n ,in  Appendix XX, and . ta b le s  , 
and. : give, the. means , and o th er ' s t a t i s t i c a l  - ■' 
d e r iv a tiv e s  of the. male and female" populations separate ly*  '
. . .  fhe mean a c t iv i ty  o f > the eree to r e s . sp inae ranged, between 
32 t o ; 73*1$ tod  26*6. to  61*8$ of.mtotmutn• for., the male and " 
female populations re sp e c tiv e ly . ' ■'■Although tb e .a o t iv i ty  o f  
■ the'-.ereetores. spinae ’ muscles was considerab le  in  b o th . male 
and female .p o |a la t lo n s f no .fisted p a tte rn ' o f a c t iv i ty  ‘ emerged» . 
However*.’ in  most, a varying -level-:of susta ined , a c t iv i ty  was ::' 
m aintained -during -tbe ex e rc ise  aM-'.peaks, of. va iy ing '.he igb ts  
.occurred a t  d i f f e r e n t  in te rv a ls * • bShe ac tio n  p o te n t ia l  .
‘d ischarges ceased'W ith com pletion -of.'the, e x e rc ise . ‘
...Great a c t iv i ty  in  tlie e x te rn a l oblique muscles was ■ 
observed-during th i s  :‘.exercioe . in  • both  the .male -and;, female
•to 86.8^ and 31.7 t o ‘'63*7$ f o r  the  males and fem ales resp ec tiv e ly #
’ ifo s e t  p a tte rn  o f a c t iv i ty  - has emerged.:'. ITevertheless* .a  ,.
-h ig h le v e l  o f .-sustained -a c tiv ity  was -m aintained”:by these  
muscles in  most o f the su b je c ts  during  -th s: exercise#  She 
magnitude of the le v e l  su sta ined  f lu c tu a te d  ;and peaks.occurred - 
a t  i r r e g u la r  in te rv a leo  ■ She a c t iv i ty  o f ''th e 'e x te rn a l  ob lique 
'm uscles ceased a t ' t he - end  o f th e -e x e rc ise . ‘
' .--A la r g e .in t r a  abdominal pressure.'was a lso  generated  
during th is  e x e rc ise . The,mean' range.1 has between 2.8 'and &8#7 
mrn/Hg -for males .and 'between' 20 .tod ;32#7’:m/Mg I n  females#-
As w ith  the o th e r two parameters, no fixed  p a tte rn  was 
recognisable, h u t g en e ra lly  a susta ined  basic  r is e  s e t  in  
e a r ly  in  th e .e x e rc ise , and sev e ra l peaks occurred a t  i r r e g u la r  
• in terv a ls . . fhe.. pressure, subsided to a. re s tin g  le v e l  on 
com pletion of the e x e rc ise .
■ fhe. h e a rt ra te  shov/ed considerab le  increases  in  both  
males and fem ales d u r in g .th is  e x e rc ise . -The mean r i s e - f o r  - 
th e ; males was 45*8 and fo r  fem ales 37*7 beats-per minute.
T. he increase  in  he a r t  r a te  began immediately, a f te r  the 
beginning:of ;the ex e rc ise , and 'reached its -p e a k  in .se v e r a l,  
s te p s . Generally-the'-increased'rate was m aintained fo r . ' 
some time before" d eclin ing  a t  the end o f the  e x e rc ise .
fab le  58 showing number o f .subjects, means„ standard  
deviations*  standard e r ro r  o f the. mean* and the c o e f f ic ie n t  
of v a r ia t io n  of d i f f e r e n t  .parameters, o f male- population  
during BOVB .CLX&BXN&- .
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y ■ ' ■
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Coef.Var*
' EMG ' ‘ '
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percentage o f  . 
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I n t r a -  Change in  
abdominal Heart 
p ressu re  Bate
m m m n
HPXHAB
■BXfBimL
OBliIQIJE
mm/Hg. B eats/B in ,
I 32 32 . 32 32 .
Peek f  . 73.183 ... 86.830 /. 48.718 45.843
■■' SB 22.263 20*347 20.735 16.038
■ SB 3.935 3.596 . . 3.665 2.844'
C? 30.420 23.430 42.560 35.090.
H ; 32 32 32
P la t­
eau
I
.. SB .
32.047
17.075
41.530
21.277
28.140
12.873
31 3.018 3.761 2.275
OF ■' 53.280 51.230 45.740
' M 32 32 32
Aver­
age
X
SB
BE
52.660 
17.652 .
3.120
64.194 
18.382 
3.249 ■■■
.38.257
15.927
2.815
OF 33«’520 28.630 41.630
fab le  59 . - showing the 'number of subjects*  means* standard  
dev iations*  standard  e r ro r  of ■ th e r mean* and the  c o e f f ic ie n t  
o f 'V aria tion  of d i f f e r e n t  param eters o f female population 
d u r in g 'ROPE O hX M B IffG
A '' '  
0 
T 
X
y
i
T
Y
■ ho 
Mean 
Std.Bev.
. Std.vErr. 
O oef.7af.
BUG
Expressed-as., 
percentage of 
maximum
BB1C20B m m m m  
SHKAB : ' . OBBXQtTB :
I n t r a -  .
abdominal.
p ressure
mio/Hg.
Change in  
Heart ■
Bate ..
B eats/lain .
. 8 8 • / 8. ' . 8
Peak 1>*r-■ &■ 61.895 69.725 ’ ,.32.750 .,'/ . 37.7507
S.!) 32.400 33.089 . 16.611 12.209 ,
SE\, . 11.455 11.698 . 5.872 .4.316 .
07 52.348 47.456 50.720 32.342
\tf 8 8 :  ■ 8
P la t-  ■ . "  V 26.657 31.707 20.000
eau SB 21.332 18.101 12.817
. SB 7*542 5.692/ 4.531
. ;G? ■ ■ 8 0 . 0 2 2 50.781 64.086
8 8 ■./. 7  8
■ ' V -J T \ - ■ ■ - . ■  ^ • 41.175 47.393 ,■ 26.500 .
Aver­
age .SB ; 21.959 23.136 14.045
■ ■ SB 7.763 8.179 4.965
07 53.332 46.817 53.003
BBICII PRESS
She individual values of. the various parameters appear '
in  Appendix I I  and the means, standard  d ev ia tio n s  and' 
standard  e r ro r  of the  mean are in  ta b le s  .60* 61 sad 62*'':
There was scanty  a c t iv i ty  of the e re c to r  sp inae in  th i s  
exerc ise  in  some su b jec ts  h u t m ostly these  muscles remained 
s i l e n t .  Wherever th e re  was ac tiv ity *  i f  consisted  o f 
inconstan t b r ie f  h u rs ts .  At no time d id  susta ined  a c t iv i ty  
occur. The magnitude o f mean peak a c t iv i ty  (1 to 6?>) was 
not considered to  be s ig n if ic a n t .
The mean peak a c t iv i ty  of the e x te rn a l oblique muscles 
lay  between 4 .6  and 12*9$ bu t in d iv id u a l scores were found 
to be q u ite  v a r ia b le , f iv e  out of f i f te e n  su b jec ts  showed 
no a c tiv ity *  two showed b r ie f  sporadic ou tbursts*  and th ree  
showed prolonged bu t meagre a c t iv i ty  of tho o rder of th ree  
per cent* th is  a c t iv i ty  beginning considerably before the 
p ress and la s t in g  f o r  a considerable time a f te r  the end.
In  the remainder* considerab le a c t iv i ty  was encountered.
In  one su b jec t th e re  was a c le a r  and marked in crease  In  
r e la t io n  to  the l i f t *  which increased w ith  increase  in  the 
w eight.
The mean range o f peak infra-abdom inal p ressu res ley  
between 6 and .14 mm/fig* In  fo u r su b je c ts  e i th e r  no o r 
very sm all p ressu res were genera ted .du ring  the ex erc ise .
In  the o th e rs , a tendency of p rogressive increase  in  p re ssu re  
w ith the  magnitude o f weight could be d iscern ed , whereas in
s  --
one case the reverse  i s  t ru e . The in crease  was u su a lly  
assoc ia ted  w ith p ressing  the weight up o r b ring  i t  down.
Xn .most of the su b je c t^  towards the end of the 
ex e rc ise  a n 'in c re a se  in  the h e a r t - r a te  was ev id en t.
She mean r ise  ranged' from 12.5 to  31 beats per m inute.. 
In some su b jec ts  there , was an i n i t i a l  depression  in ' the 
h e a r t ra te  b e fo re ’the eventual r i s e .
Sable 60 sliowlag; the number of s u b je c ts t means 5 standard
d ev ia tio n  and standard e r ro r  of the means of male su b jec ts
.during BMOH B1ESS 
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I? 15 15 15 ,1 5  ; 15 15 •'
15 -ti- 1 . 0 0 ' 1.66 9 . 8 6 >4*80 7.50 6.16 25.8
Kg*. SB ' ’2*04 1.34 13.36 4.63 9.35 8 . 0 1 16.85
BE 1*00 1.05 5.45 1.89 3 . 8 1 3.27 6 . 8 8
G? 204*00 8 0 . 7 2 135.49 100.65 124*66 130.03 65.31
H 13 13 13 13 13 >13
25 X 6 . 0 2 3 . 0 0 12.90 4.97 >14.00 7.50 17.50
.Kfe. ■SB ■ 7 . 8 8 1.65 15.63 ■■ 6.63 9 . 1 2 ; '5 .00  . 15.00
SB 3.94 0 . 8 2 7 . 8 1 3 . 1 8 4.56 2 . 5 0 7.50
0? : 130^89 5500 121.16 127.96 65.14 6 6 . 6 6 85.71
f a b l e v ■' -showing the - nusaber-.of imb je e t s \ -7mo artsy standard  
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■fable 62 . • ehowiag tfcanumbep.o f su b je c ts* ,means*; standard 
deviations ".and stand aisd .error o f the mean - o f male.
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The accompanying ta b le s  53  mti 5 4  
show the i n i t i a l  and f i n a l  le v e ls  o f a c t iv ity  of 1 
various param eter to g e th e r w ith  the d iffe re n c e s  in  th e i r  
v a lu es . The means, standard  d e v ia tio n s , standard e r ro r  
of the meanrand c o e f f ic ie n ts  o f v a r ia tio n s  are a lso  given 
in  ta b le  ^
The genera l p a tte rn  o f a c t iv i ty  in  th is .e x e r c ise  was
very uniform . The a c t iv i ty  of the e re c to re s  spinae muscles
le v e l was s l i g h t l y 'l e s s .  In progressive  loading a c t iv i ty  ■ 
u su a lly  became apparent sev e ra l seconds a f t e r  s t a r t in g  to  
f i l l  the c a n is te r  w ith  w ater. Maximum a c t iv i ty  during  load ing  
occurred when the canis t e r  w as'fu lly  and even g r e a te r ' 
a c t iv i ty  was seen when emptying was in i tia te d *  In  
p rogressive loading the  a c t iv i ty  of the e re c to re s  spinae 
was continued u n t i l '  th e  w ater can was placed ■ o n ' the., ground 
and the subject extended h is  trunk . When unloading, the 
a c t iv i ty  of the e re c to re s  spinae a t  1^  le v e l  g rad u a lly  ' 
declined  to a-low value towards the middle of the ex e rc ise  ' 
and s l ig h t  a c t iv i ty  was then m aintained u n t i l  the end. At 
T^ 9 le v e l  g e n e ra lly , the a c t iv i ty  disappeared a t  a much 
e a r l i e r  tim e. (fig*. 28' A .page 2 7 3 )*'. .
The intra-abdominal pressure during  progressive  load ing  
did not increase  fo r  a considerab le leng th  of time in  most 
o f the su b je c ts . .When the co n ta in er was a th ird  to a h a l f  : 
f i l l e d ,  a r i s e  -in p ressure  developed'and: increased' p ro g re ss iv e ly  
u n t i l  the load was lowered to  the ground. In  the emptying 
phase, .a n - in i t ia l :  p ressu re  peak 'w as-associated  w ith  the '
a t  le v e ls  and were s im ila r  bu t the  magnitude a t  T.
process of l i f t i n g  the  f i l l e d  w ater c o n ta in e r . This peak 
suddenly dropped down, bu t remained a t  a high susta ined  
le v e l from which i t  g rad u a lly  dropped w ith  drainage of 
w ater and reached the re s t in g  p ressure when nearly  two 
th ird s  o f w ater had been drained  o u t.
The h e a rt r a te  g en e ra lly  s l ig h t ly ,  bu t p ro g resiv e ly  
increased in  both  p rogressive and re tro g re ss iv e  load ing . 
In th ree  subjects., however, an i n i t i a l  shallow depression  
asso c ia ted  mi t h  stooping was a lso  observed.
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Appendix XI con ta ins the in d iv id u a l values and 
tab le s  66' and con ta in  the mean values and th e i r
s t a t i s t i c a l  d eriv a tiv es*
G enerally  a c t iv i ty  in  the e re c to re s  spinae both  when 
ra is in g  and .loweing the leg s  i s  very small* fhe range of 
a c t iv i ty  lay  between 2 .1  to  3.9$ and 0*6 to  1*2$ f o r  
l i f t i n g  the legs up and between 1 .3  to  3.4$ and 1 to  2,6$ 
fo r  b ring  the leg s  down f o r  males and fem ales re sp ec tiv e ly *  
S lig h t su sta ined  a c t iv i ty  w ith  a s l ig h t  increase  towards 
the end of the l i f t i n g  phase was o ccasio n a lly  observed.
In  c o n tra s t the ex te rn a l obliques showed considerab le  
a c t iv i ty  during  th is  e x e rc ise , th e i r  mean range ly in g  between 
3 1 . 8  and 58.4$ and 27*3 and 52*6$ fo r  l i f t i n g  the leg s  up 
and between 22.8 to  34.5$ and 18*1 to 31*7$ f o r  low ering 
the legs fo r  males and females re sp e c tiv e ly , fwo p a tte rn s  
of e x te rn a l oblique a c t iv i ty  were c le a r ly  recognisable*
In  the m ajo rity  of cases (15 males and 5 fem ales), a su s ta in ed  
le v e l  of a c t iv i ty  was f i r s t  achieved during the l i f t i n g  up 
and l i f t i n g  down phases, and towards the end of each phase 
a * fu r th e r  peak of a c t iv i ty  was observed. A fte r ra is in g  the  
leg s  a c t iv i ty  was m aintained a t  a lower level*  In  the  o th e r  
p a tte rn  ( th i r te e n  males and two fem ales) a peak le v e l  of 
a c t iv i ty  i n i t i a l l y  occured, and th i s  s e t t le d  down in to  a 
susta ined  le v e l  which la s te d  u n t i l  the peak asso c ia ted  w ith  
leg  lowering occured* Xhis peak passed in to  the r e s t in g  phase 
of the  m uscles. However, in  the  th ird  p a tte rn  ihown by
two males and one fem ale, a .h ig h  le v e l of sustained  
a c tiv ity -p re v a ile d  throughout the exercise*. ■
. . . Considerable .increase©, in Intra abdominal .pressure. •.
w ere. observed during th is  ex e rc ise  in  both sexes, the  mean 
r i s e s  being 15 to 30 mm and 11 to  21*6 wm of mercury f o r  - 
the l i f t i n g ' up of the leg  and 15 to 26*4 and-'? to  16 mm 
mercury for-low eing  the  le g  fo r  males , and fem ales re sp ec tiv e ly *  
In v a riab ly  one'peak of in t r a  'abdominal p re ssu re  was asso c ia ted ' 
w ith  each of the movements* In  12 su b je c ts  these  too 
phases were' separated  by a resting" p ressure  w here 'the "legs 
were ra ise d  to  v e r t ic a l  level-and  in  s ix  by a negative, 
p ressure w hile in  20 su b je c ts  they were separated  by a 
susta ined  le v e l o f the in t r a  abdominal p ressu re  where the 
su b jec t could not r a is e  the leg s  to a v e r t i c a l  position*
le g  l i f t i n g  has been found to r a is e  the  h e a r t  r a te  by 
17*6 ami 17*3 b ea ts  per minute in  the f i r s t  phase and by 
18 and 13 b ea ts  p er minuten in  the second phase in  the males 
and fem ales respectively* - H?he r i s e  s e t  in  w ith  the beginning 
of the ex e rc ise  and was e i th e r  m aintained throughout o r 
decreased somewhat between' ’the 'too' phases. /
Sable 6 6  showing the num'bex" o f su b je c ts■,■ means,, stand &&
d e v ia tio n s , s taM ard  e r ro r  of the mean, and c o e f f ic ie n t  
of v a r ia tio n  of d i f f e r e n t  parameters of male ’population
d u r in g  h m  m m n m
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The mean values o f th e  d if f e r e n t  param eters measured 
fo r  the male and female populations are  shown in  ta b le s  £-67.
fhere  was s l ig h t  a c t iv i ty  o f the  erec to re s  spinae 
during th i s  exercise* l*he mean values f o r  the male 
population  - v a r ie d : from 15*9$. to , 34*6$ .and, f o r  the • female 
population  from 19$ to 38*9$ o f maximum* Depending upon the  
delay  in  s ta r t in g  the  ex e rc ise  a f te r  the  command ‘go* the  
onset o f the a c t iv i ty  in  e rec to re s .e p in a e  took from 0 .2  to  
1 second* U usually in  the beginning a low le v e l  of a c t iv i ty  
was e s tab lish ed  which was su sta ined  f o r  a varying len g th  o f 
time before a sh o rt liv ed  peak appeared. Ih is  peak soon 
declined  and s e t t le d  down a t  a su sta ined  lower le v e l  of 
a c tiv ity *  AfteS? th e  su b jec t regained the u p rig h t p o s tu re ,, 
the muscles became s i l e n t  o r continued to g ive a few 
spontaneous ac tio n  p o ten tia ls*  However, in  th ree  males and 
one fem ale, peak a c t iv i ty  appeared f i r s t*  and th i s  then  \ 
s e t t le d  down to © susta ined  le v e l which la s te d  u n t i l  
resum ption o f the e re c t postu re . .
She mean a c t iv i ty  of the e x te rn a l obliq.ue muscles in  
* the male population  v aried  from 41$ to 8*2$ and in  the  
female population  from 7*5$ to  10*8$* In  genera l the -  
e x te rn a l ob liques remained s i l e n t  o r  only s l ig h t ly  a c tiv e  
during squatting*  However, nine males and th ree  fem ales 
showed s ig n if ic a n t  a c t iv i ty  in  th i s  position*  Where the  , 
a c t iv i ty  was s ig n if ic a n t ,  no c le a r  p a tte rn  emerged
fhe in tra-abdom inal p ressu re  rose s l ig h t ly  when ; 
sq u a ttin g t - the  • in c reases  rang ing ' from 3,5 mm/%. to 7 mm/%, 
in  the males end 2,5 mm to  5,2'  mii/% in  the fem ales. ?£hese 
r is e s  were only s l ig h t ly  '-above ■ the  normal v a r ia tio n  f o r  the 
re sp ira to ry  cycles* and coincided w ith a c t iv i ty  o f th e ' 
e x te rn a l oblique m u sc le s ,•
male population  showed an increase  lh ; h e a r t 'r a t e  ■ 
o f -14 h ea ts  p e r minute and the fem ale 'popu la tion  o f 20 - 
b ea ts  per, minute '• a t ' the ■ com pletion - o f the ex e rc ise  ? as ■ 
compared' w ith  the i n i t i a l  h e a r t  r a te .  ’ G enerally th e  in c rease  
in  h e a r t r a t e ,began sh o r tly  a f t e r  th e ' ex e rc ise  had been 
s ta r te d .  Ho r ig id  p a tte rn  of r i s e  o r time re la t io n s h ip  was 
ev iden t in  any of the populations ( f ig .  31 A page- 2 S X )«  -
f a b le 68 , ©hewing the number o f su b je c ts , means, standard
.deviation©, .stand e r ro r  o f .’the'm ean, -and c o e f f ic ie n t  
of variation': o f d if fe re n t  parameters of  male population
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■ She .accompanying' ta b le s  give d e ta i l s  of- the. 'mone* 
staadard .: dev iatioasy  .standard e r ro r  o f the  means*;'-and ' 
.coeffic ien ts . o f  '.varia tions .of ’. the. d iffe re n t-  :pammetors’ : 
jmbassured* fhe -mean range-" o f a c tiv ity , -of the '-'crectores 
"epinae lip  the male .p o p u la tio n ■was -15$ to  31#'-and in  the 
female population  :wa® 19#. to, 70,4#«1 During'.-the f i r s t . - 
' phase of' th e ’, ex e rc ise  when-the- s l ig h t ly  'flexed trunk  :i s  . 
low ered -on ly 'by -flex ing  the  elbow jo in t  • the.; e re c t  ores- • ■ •'
- spinae remained; s i le n t* . . However*-. I t* n in e  su b jec ts  a- a l ig h t  
. .a c tiv i ty  In  this--phase' was • observed* . assoc ia ted  - w ith  s l ig h t  -. 
■. trank  extension*- I t ' was in  the- second- phase o f -the exerc ise*  
when the trunk, was by pax tended*- th a t  the' erectore 's '-sp inae 
were c o n s is te n tly  thrown- in to  a c tiv ity * ' as shown by the  • ' -v
sudden appearance -of a peak on th e  :record.- 
: sh o r t - l iv e d . and d ec lin ed  soon' t o , s e t t l e . in to  • a . su s ta in ed  
le v e l of a c t iv i ty  which la s te d  throughout'--the e x e rc ise , .
With 'th e  beginning o f  the  . process ■ o f resum ption o f th e  ■' 
o r ig in a l  postu re  w ith  s l ig h t ly  flexed  trunk* , th e  a c tio n  
•-po ten tia ls - from: th e e r o c to r e s  spinse- disappeared,'.-
,' fhe mean.range of a c t iv i ty  o f th e  /e x te rn a l ' o b liq u e s ' i n '.
; the  m ales'was 12 ,9^  to  35*60 and in  the  ..females was 31*6*1 
, to VS5*4#*. '-.’During the " f i r s t  ©ad. -second'.phase o f,'th e  e x e rc ise  
when-the trunk  i s  lowered ...by, f le x in g  :th© elbows:*end .then ■ ■
; iliyperex tended *, the ex te rn a l oblique muscles remained .quiet* . ’ 
'-With'the onse t o f the process o f .resumption o f the o r ig in a l  '. 
"-posture th ese  muscles were, a c tiv a te d , . -An' i n i t i a l  su s ta in e d  
le v e l ,-of. activity--occurred'-w hicli -lasted  'U n til s h o r t ly  a f t e r  ;.
the  d ec lin e  of the erec tores spinae -a c t iv ity * '' -A ■■burst'-, 
o f a c t iv i ty  then follow ed which again s e t t le d  clown to a 
su sta ined  level® Once the  s ta r t in g  posture was-'regained, 
the muscles ceased to a c t .
She intra-abdom inal' pressure remained a t  the re s t in g  
le v e l during  the f i r s t  phase of the exerc ise ."  However* as . 
the su b je c t s ta r te d  extension  in  the prone p o s itio n  th e re  
was a g radual in crease  in  the x a tra  abdominal p ressu re  which 
reached a peak value a t  the same time as the e re c to re s  
epibae m uscle ' activ ity*  U s u a lly  th e re  was a d ec lin e  in  . 
th is  p ressu re  to  a su sta in ed  lev e l.la stin g -d u r in g  the ' f i n a l  
susta ined  le v e l  a c t iv i ty  o f  e rec to re s  spinae and the  
i n i t i a l  su sta ined  le v e l  a c t iv i ty  o f the  e x te rn a l ob lique , 
f in a l ly ,  th e re  appeared another peak which nearly  .'coincided 
w ith  the peak of the e x te rn a l ob lique 'm uscles. This peak 
pressure f in a l ly  subsided to  the re s t in g  p re s s u re 'nearly  
in - p a r a l le l  w ith  the  dec lin e  in  e x te rn a l oblique a c t iv i ty .  
This re s t in g  pressure lev e l, continued during com pletion o f . 
the l a s t  phase of the ex e rc ise  and th e re a f te r ,  The-mean-' ■ 
range of v a r ia tio n  o f th e  i n t r a . abdominal p ressu re  f o r  males ■ 
la y  'between'17.4 ®  to  27.8 ©m/fig and f o r  females between 
16.5 mm to  36 rm/fig. ' ■ •
She genera l p a tte rn  of h e a rt r a te  comprised an i n i t i a l  
depression  asso c ia ted  w ith  the tak ing  up o f the ly in g  
position* This depression  remained f o r  a v a r ia b le  length: 
o f time before a r i s e  i n ' t h e  ra te 'w as: observed. This r i s e  
was g en e ra lly  su ss ta in ed  fo r  some tim e. The mean in c re a s e  in  
the h e a r t  r a te  f o r  the  male 'population was 1 8  b ea ts  p e r 
minute and fo r  the female population  was 24 b ea ts  p e r m inute :
fable. 70 showing the number of su b jects, means, standard 
deviations,standard error of the mean, and the c o e ff ic ie n t  
of variation  o f d iffer en t parameters'of male population
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. S h e . norm al r e s t i n g  r a n g e  o f  bone.m arrow p r e s s u r e . in  
a l l  the r a t s  s tu d ie d  in  th e  p r e s e n t  s e r i e s  v a r ie d  from - 
e ig h t  to  e ig h t e e n  m m  o f  Hg* T h e  m ost f r e q u e n t ly  o b serv ed  
v a lu e s  w ere from  12 to 14 t m  o f  Hg, She marrow ■ p r e ssu r e  
tended to  rem ain w it h in  th e  range o f  i  2  m m  Ifg o f  th e  norm al ■ 
v a lu e * .
S lo w 'lo a d in g s
D uring t h i s  p r o c e s s  th e  lo a d  was in c r e a se d  from  G t o  
2 7  lb  slow ly .in -steps o f  3 l b ,  i ’he bone marrow p r e s su r e  
was ‘ n o t ■ a l t e r e d  ■ e i t h a r  d u r in g  th e  p er iod  .o f  lo a d in g  ■ o r : on  
completion o f th e  p r o c e s s  and m ain ten an ce  o f  the load *
H owever, a s  th e  p r e ssu r e  was in c r e a se d  from  21 to  24 and ;
.27 l b ,  a f l u c t u a t i o n  o f  bone marrow:p r e ssu r e  was’ o b ser v ed  
.sometimes-, and- n o t  a t  o th e r s*  ffh is p r e s su r e  f l u c t u a t i o n  h a s  
-not • b een  .c o n s id e r e d  to  ■ be ..''S ign ifican t a s  i t  h a r d ly  exceeded ' \ 
th e  normal -p ressu re  v a r ia t io n  -range ( f i g *  * '
f a s t loading I
.. D uring f a s t  lo a d in g , bone marrow -p ressu re  - v a r ia t io n s . 
w ere norm al w ith in  th e  range o f  0  to  6 l b .  Beyond t h i s  
l e v e l  a s  th e  lo a d s  were s w i f t l y  a p p lie d  in  s t e p s  from  6 t o  9 lb #  
9 to  12 lb #  12 to  15 lb #  15 to  18 lb #  18 to  21 lb #  21  t o  24  lb #  
end 24 to  27 lb  o r  om itting a c o u p le  o f  s t e p s  ■'end a p p ly la g  '
femur
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th e  lo a d s  from  9 lb  t o  IS  lb  and from  18 lb  to  2 7  l b #
• sudden p r e ssu r e  ch an ges w e r e 'o b serred*- Shese- r i s e s  o ccu red  - 
betw een  one to  two se co n d s  a f t e r  th e  a p p l ic a t io n  o f  h ig h e r  
■.Toads from  9- to  2 7  lb*  ' f h i s  - in c r e a se  in  p r e ssu r e  o f  th e  
o r d e r  o f  19 mm/Hg? n o rm a lly  d id  n o t  l a s t  more th an  a few  • 
secon d s*  Ho f i x e d  p a t te r n  was found and th e  responses varied  
from r a t  t o  r a t  and from  tim e t o  tim e* ’ Generally'a. higher;, 
m agnitude o f  co m p ress io n  engendered  g r e a t e r  bone marrow 
p r e s s u r e , b u t  no c l e a r : c u t  c o r r e la t io n  was e v id e n t  ( f i g * 89 a ' 86}
fh e  b e h a v io u r  o f  th e  bone marrow p r e ssu r e  ch an ges io  
d iv e r g e n t  d u r in g  s lo w .a n d  f a s t  lo a d in g *  W hile i t  rem ains  
s te a d y  d u r in g  m ost o f  th e  s lo w  dynamic lo a d in g  w ith  more 
o b v io u s  p r e ssu r e  v a r ia t io n s  toward th e  h ig h e r  end o f  th e  
range w ith o u t  any s i g n i f i c a n t  r i s e ,  i t  shows s i g n i f i c a n t  r i s e  
in  th e  p r e ssu r e  d u rin g  r a p id  dynamic lo a d in g  w ith  o s c i l la t io n s  
a t  tim es-a n d  d e c l in in g  f a i r l y  q u ick ly *
C o n tr a c t io n  o f  th e  o v e r ly in g  m u s c le s g
S t im u la t io n  o f  th e  c u t  d i s t a l  end o f  th e  fem o r a l n e r v e  
o f  r a t s  r e s u l t e d  in  c o n t r a c t io n  o f  th e  m u sc le s  o v e r ly in g  
th e  fem ur and c o n s id e r a b le  r i s e s  in  marrow p ressu re*  T h e  
p a t te r n  o f  th e  r e sp o n se  o f  th e  bone marrow p r e ssu r e  c o u ld  
b e d iv id e d  in t o  two g r o u p s . In  th e  f i r s t  group  o f  3 r a t s ,  
th e r e  was a p r o g r e s s iv e  in c r e a s e  in  bone marrow p r e s su r e  
w ith  ev ex y  r i s e  o f  0 .5  v o l t  in  s tim u lu s ( f i g *  8? to  92)#
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Fig, 93* Bone marrow pressure changes with' increasing 
stimulus s treng th . .;;'
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Fig. ,94. Bone marrow pressure changes with increasing 
” : stimulus streng th  .{Rat 4)*.
'She o v e r a l l  r e sp o n se  in  th e  w hole range ap p roaches l in e a r ity  
though i t  i s  more pronounced towards' th e  bottom  o f  th e  ra n g e’' 
.( f ig *  93}* ■ . - X u  th e  s e c o n d . g rou p  o f  two r a t s  th e
s m a lle r  s t i m u l i  produced a  p r o g r e s s iv e  r i s e  in  bone marrow 
p r e ssu r e  t i l l  i t  reach ed  a th r e s h o ld  value®  She n e s t  in c r e a s e  
in  th e  s t im u lu s  s t r e n g t h  p rod u ces ’ a  d i s  p r o p o r t io n a te  r i s e  
in  th e  narrow p ressu re*  t h e  secon d  s t im u lu s  a f t e r  t h i s  may 
o r  may n o t  have a s i m i la r  e f f e c t *  Few o f  th e  su b seq u en t  
s t im u l i  r e s u l t  in  a '.fa ll-In  th e  bone /marrow p r e s s u r e .  ’ I f  th e  ’ 
s t im u lu s  s t r e n g t h  i s ’ f u r t h e r  . in c r e a s e d s th e r e  i s  a la r g e '  
r i s e  in  th e  taarfow p r e s su r e  fo l lo w e d  b y  s m a l le r  in c r e a s e s  
( f ig *  94 }* An -adequate-and c o n v in c in g - e x p la n a t io n  o f  
t h i s  o b v io u s  d i f f e r e n c e  i s  n o t o f f e r e d .  However, in d iv id u a l  
v a r ia t io n  in . th e  .muscular-' c a p a c it y  and f a t  ig u ea b illty  - i s  
th o u g h t t o  be an im p ortan t f a c t o r  p rod u cin g  su ch  a v a r ia t io n *  
She v a lu e s  o b ta in e d  f o r ' t h e  in c r e a se d  marrow p r e s su r e  are  
shown in  th e  f o l lo w in g  ta b le *
2 eb le  ■?£ ’ ■ ch ok in g  th e  r i s e s  In  bone marrow p r e ssu r e  o f  
th e  - fem ur 'due to  e l e c t r i c a l  s t im u la t io n  o f  th e  c u t  d i s t a l
end o f, th e  fe m o r a l n e r v e  o f  r a t s .
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C a lc u la t io n  o f  th e  m agnitude o f  h y d r a u lic  su p p o rt  
She maximum o b s e rv e d  ho n e  B arrow  p r e ssu r e  d u r in g  
f a s t  -dynam ic lo a d in g  w a s ' 155 mm/Hg* ' She f o r c e  o f  th e  
h y d r a u lic  s u p p o r t - a c t i n g  a lo n g  th e -m a rro w  c a v i t y  can  be' • 
g iv e n - b y  th e  ■ fo rm u la  ■'
F ~ . A x V . 
w here  A i s  t h e  c r o s s  s e c t i o n a l  a r e a  o f  t h e  bone  :
/  m arrow  w h ic h  h a s  b e e n  a r b i t r a r i l y  ta k e n  . :
t o  b e ’u n ifo rm  th ro u g h o u t  t h e  "bone*'
■ snfi'. T  i s  t h e  r i s e  in - t h e  m arrow  p r e s s u r e  '
f h u e ? d u r in g  f a s t  dynam ic l o a d in g  i n  a  r a t  w i th  t h e  
c r o s s  s e c t i o n a l  a r e a  0*014 s q u a re  in c h  (d e te rm in e d  
p la n im e  t r i e  a l l y ) and a  r i s e  o f  "15 mm/Hg« i n  t h e  m arrow  
p r e s s u r e  t h i s  f o r c e  c an  be  e x p r e sse d  a s
f  a  0* 014. X 15 X 14*7 “
760
= -0*00406 l b f .  = 0 o00604 Kg/m
D u rin g  th e  c o n t r a c t i o n  o f  t h e  o v e r ly in g  .m u s c le s 'w h e re  
t h e  maximum r i s e  i n  th e  bone  m arrow  p r e s s u r e  w as' 60  mm/fig* 
th e  h y d r a u l i c  f o r c e  can be  g iv e n , b y -■
, ' f  »  01014 x 60  x 1 4 .7  lb f#
760
as 0*016 Ib f*  s= 0*238 Kg/m
s m m m  t  m m m u  m nm m *  o f  m m m m
■■/Tim p r e s e n t  i n v e s t i g a t i o n  i s  c o n c e r n e d - w i th  ;
m ech an ics#
vw heu.w e a r e  lo o k in g  a t  t h e  naked, b a c k  o f  a  man s i t t i n g  
o r . s t a n d i n g ' in . f r o n t  ■ o f  ■ u s 9 we a r e  r e a l ly . . - lo o k in g  a t  - o n e '. ; 
o f  th e  m o at w o n d e r fu l  a e r o b a t i c  f e a t s  t o  b e  s e e n  i n  th e .  
a n im a l  kingdom* In  s u c h  an  a t t i t u d e  24 se g m e n ts  o r. v e r t e b r a e *  
a r e  b e in g  d e l i c a t e l y  end s t e a d i l y  b a la n c e d *  o ne  u p o n  t h e  
.o th e r?  b y  m eans o f  .th e  .e l a b o r a t e  s y s te m  o f  l e v e r s *  and . 
m u sc le s  w i t h  w h ic h  e a c h  v e r t e b r a  i s  f u r n i s h e d *  * •
- : s i r  I r t t e r  E fe ith  (1 9 1 9 )  .
^ H a rd ly  .c a n  a n y th in g  b e  m ore b e a u t i f u l  o r  s u r p r i s i n g  
t h a n - t h i s  m e c h a n ism . o f " th e  s p in e *  w h e re  n a t u r e  h a s  e s t a b l i s h e d  
t h e  m o s t o p p o s i t e  an d ' i n c o n s i s t e n t  f u n c t i o n s  i n  one  s e t  o f  
.b o n e s ; f o r  t h e s e 'b o n e s  a r e  eo f r e e  ' i n  m o tio n ?  - a s '. t o ' t u r n  ' / 
c o n t in u a l ly *  y e t  so  s t r o n g  a s .  t o  s u p p o r t  t h e  .w h o le -w e ig h t o f  , 
th e ' b o d y ; ft
■ d o t e  &  C h a r le s  B e ll* -  (1 7 9 1 )
fb e  s p in e  i s  s u b j e c t e d  to  enorm ous s t r e s s e s . i n  l i f e *  ' ;
f l ie  c a l c u l a t e d  f o r c e s  t o  w h ic h  th e  lu m b o s a c ra l  r e g io n  o f  
t h e  .s p in e  may be s u b j e c t e d  g r e a t l y  e x c e e d  th e  f o r c e s  t h a t  
t h e  i s o l a t e d . s p in e  i s  c a p a b le ,  o f  . e n d u r in g  u n d e r  e x p e r i m e n t a l . 
I n  . v i t r o  - c o n d it io n s #  f h i s  d i s c r e p a n c y  h a s  b e e n - p a r t l y .  . ,.
explained b y  th e  occurrence o f i n c r e a s e d  intra-truncal-
p r e s s u r e s  d u r in g  s t r e s s f u l  a c t s  s u c h a s  s to o p  lifting*.;- ;
She. phenom enon o f  i n c r e a s e d  - intra-abdominal p r e s s u r e  d u e  
to  a  co-ordinated c o n t r a c t i o n  o f  th e  m u s c le s  o f  th e . a n t e r i o r  • 
-ab d o m in a l w a l l*  -perineum  and th e '-d ia p h ra g m  h a s  b e e n  attributed  
to  a re fle x  b y  Morris* lu easan d  B r e s l e r  (1961) an d  to  a  
c o n d i t io n e d  ' r e f l e x  b y  'Bartelink: (1957) *
I f  t h e : phenom enon i e  u n d e r  r e f l e x  .c o n tr o l  i t  may b e  
triggered.by sensory'endings'located i n  th e  s i t u a t i o n  o f  
maximum s t r e s s ,  C a l c u l a t i o n s  of Bradford ■ and'.Sparling. "(1945)..*
B a r t e l i n k ' (1957)| and M o r r i s * . 'lu c e s  and  ;.Bresler (1981) 
a l l  show an. enormous m a g n itu d e  o f  compression d e v e lo p e d  a t  v  
th e  lu m b o s a c ra l ' d i s c  d u r in g  weight l i f t i n g ,  f u r t h e r m o r e § 
h e r n i a t i o n  o f  th e  lu m b a r  im te rv e r te b r a X  d i s c s  i s  - co m m o n ly . 
a t t r i b u t e d  - to h e a v y  l i f t i n g ,  K eep ing . in ' m ind th e  i n n e r v a t i o n  
o f  o t h e r  b o n e s  and j o i n t s " i t  seems p o s s i b l e  th a t- th e  lu m b a r  
i n t e r w e r t e b r a l  d i s c s  a n d /o r  vertebral b o d ie s  m ig h t ' h a r b o u r . .. 
p r e s s u r e  - s e n s i t i v e  n e rv e  e n d in g s  t r i g g e r i n g  s u c h  re fle x e s* -
■ . fh e  p o s s i b i l i t y  , o f  th e  e x i s t e n c e  o f  such, a .-reflex ■ 
m echanism  t a  s u g g e s te d  b y  --the  f i n d i n g s  o f  —
{i )  , ' l io o fe  (1 9 4 0 )  -  .'w ho/found many, u n m y e lin a te d  . n e rv e  
'.f ib r e s  i n  th e  su p erfic ia l'an aa lar  tissue-w hich
t e r m in a te d  i n  n a k ed  n e rv e  e n d in g s*  '
( i i )  Ehreah.af t  (1943) who found l a r g e  nerve b u n d le s  - 
.. b e n e a th  th e  p o s t e r i o r  l o n g i t u d i n a l  l ig a m e n t  -in-. '
" . t h e  o u te rm o s t  l a y e r s  .of. t h e  annulue fibrosus*
' and n e rv e  f i b r e s  b e n e a th  t h e  a n t e r i o r  l o n g i t u d i n a l  , 
l ig a m e n t  w hose b r a n c h e s  a c c o m p a n ie d ■th e  v e s s e l s  .' 
- 'g o in g  i n t o  t h e .d i s c *  ’v
C H i 3 W ib e r t  (1 9 4 9 )*  who d e m o n s tra te d  n e rv e  f i b r e s . -  
i n  t h e  s u p e r f i c i a l  p a r t s  o f  th e  ,d is c *
( i v )  Hirseh? X nglem ark  and. K i l l e r . (1 9 6 3 )*  -who fo u n d  ' 
f r e e  f i b r e  n e rv e ' e n d i n g s o n  - th e  s u p e r f i c i a l  *.
. '.layers o f  th e  a a a u l u s ■.fibrosus--directlybeneath  
- t h e  -posterior., l o n g i t u d i n a l ' l i g a m e n t ® .
■/ -■ I n  aXX-'t h e  r e p o r t s - n e r v e s  a r e - s t a t e d  t o - b e  p r e s e n t*
. although no c l e a r  f u n c t i o n a l  r e a s o n  fo r  t h e i r  p r e s s u r e ' i s  
s u g g e s te d  other than the .p o ss ib ility  of... p a in : trahsmis eion* - 
The p o s s i b i l i t y  t h a t  some o f  them  a r e  .c o n c e rn e d  w i th  r e f l e x  ..- 
. - a c t i v i t i e s  i s  heightened by the-work o f d a c k s o n * . Winkeliaann 
and B ie lc e l ■ (1 9 6 6 )  who r e p o r t e d ' many f r e e  nerve.'f ib r e s '.and 
n e rv e  n e tw o rk s- i n  .th e  'o u t e r  layers', o f t h e  a n n u lu s  f i h r o s u s *  . 
com plex  uneneapsulated''nerve endings t in-.the-periosteum 'of ' 
t h e  lu m b a r  .v e r te b r a e *  .e n c a p s u la te d  e n d in g s  o f  V a t e r - P a c i n i  an  ' 
ty p e , on  the .-ventro-lateral s u r f a c e  o f  th e  a m iu lu s , f ibrosixs . , 
i n  -human f o e t u s e s  "and i n  th e ' r e g io n  o f  f a c e t  jo  i n t .  c a p s u l e s  -■ 
i n  b o th  j u v e n i l e s  and a d u lts®  fh u s*  a  p r e s s u r e  s e n s in g  
m echanism  in  the fo rm  o f  c o r p u s c u la r - e n d  lugs-'-has been . 
demonstrated by o n ly  one "group,of a u th o r s *  ' Ths a l t e r n a t i v e *  ■ 
t h a t  th e  d i s c  c o n s t i t u t e s  - a  ty p e  o f  enorm ous e n c a p s u la t e d ;  
ending.^ h a s  not b e e n  c o n s id e r e d  a t  a l l *  '■ In- th e  - p r e s e n t  
experiments? a t t e n t i o n .w a s  f o c u s s e d  on b o th  t h e s e  p o s s i b i l i t i e s *
I n  th e  f i r s t  s e r i e s *  i n t r a v i t a l  methylene b l u e  s t a i n i n g  
w as em ployed i n  r a t s  t o - s t a i n  . th e  n e rv e s  .and n e rv e  e n d in g s * .-  ■ 
w h ich  a r e  d i f f i c u l t  t o - s t a i n  b y - o t h e r  m eth o d s p a r t i c u l a r l y  
i f  they- are: not 'p lentifu l- in..©;.given t is s u e ,. ;fh is  te c h n iq u e - ' 
h a s  b e e n  d e m o n s tra te d  t o  b e - ,o f  g r e a t  .value-. toy -P e in d e l*  - S i n c l a i r  - 
.an d " W eddel ■ (-1947) * and  Meyling :(1 9 5 3 )«  .' - I t  -has-;b e e n  su c c e ss fu lly
em ployed f o r  e x a m in in g - th e  ■ s p i n a l  ’ i n n e r v a t i o n  in  monkeys 
b y - S t i l w e l l . (1 9 5 6 ) .  H owever, .' in  ..the p r e s e n t  s tu d y  th e  r e s u l t s  
o b ta in e d  by t h i s  te c h n iq u e  w ere  i n c o n s i s t e n t  and th e  c o n t r o l  
w a s ;f a r  fro m  s a t i s f a c t o r y ,  ' W ith  r e g a r d ' t o - t h e  d i s e a l  
m a te r ia l  th e  l a c k  o f  s t a i n i n g  o f  d e e p  s t r u c t u r e s m a y  be 
a t t r i b u t e d  to  one o r  m ore o f  th e  f o l lo w in g  r e a s o n s s ~
■ 1 , A v a e e u la r ity  o f  t h e  d i s c  w h ic h  d id  h o t  l e t  t h e
dye r e a c h  th e  t i s s u e *  ;
2 , P o o r d i f f u s i o n  o f  th e  d y e  due to  th e  low  m e ta b o lic
r a t e  o f. th e  d i s c ,
3® A bsence  o f  n e u r a l  e le m e n ts  i n  t h e  lu m b a r
• i n t e r v e r t e b r a l  d i s c  o f  t h e ' r a t ,
; B egar& ing  a v a s c u l a r ! ty  o f  th e  i n t o r v e r te b r a !  d i s c s *  
o p in io n s  a r e  s h a r p l y  d i v id e d ,  Embryo lo g i c  a l l y  th e  d i s c  
a n la g e  a r i s e s  i n  th e  p o r t i o n  o f  th e  so n s  b e tw e e n  t h e  
;in te rseg m en t© ! a r t e r i e s  f a r t h e s t  re m o v e d 'f ro m  t h e s e  s o u r c e s  
o f  b lo o d  s u p p ly ,  :/Keyes and Compere (1 9 3 2 )  c o n s i d e r  t h a t  t h i s  
© v a s c u la r ity  o f  th e  d i s c  l a s t s  th ro u g h o u t  l i f e ®  However* 
iTeberm ufh (1 9 2 9 )  r e p o r t e d  v e s s e l s  i n  th e  d i s c s  o f  a d u l t s *  
and BShmig (1 9 3 0 )*  and Cam era (1 9 3 4 ) h av e  v e r i f i e d  h i s  f i n d i n g ,  
fh ey  s t a t e d  t h a t  t h e s e  v e s s e l s  c o n t in u e  t o  su p i^ ly  t h e  d i s c s  
u n t i l ' a f t e r  a d o le s c e n c e ,  n u t r i t i v e  c h a n n e ls  in  th e  
i n t e r v e r t e b r a l  d i s c s  o f  young  i n d i v i d u a l s  w ere  d e s c r i b e d  
b y  S m ith  (1 9 3 1 ) .  A c c o rd in g  to  him  t h e s e  c o n s i s t  o f  m arrow  
s p a c e s  i n  th e  a tm u lu s  f i b r o s u s  and n u c le u s  p u lp o s u s  h a v in g  
many l e u c o c y t e s .  A lth o u g h  no e n d o t h e l i a l  c e l l s  w ere  
re c o g n is e d *  S m ith  b e l i e v e d  th e s e  c h a n n e ls  t o  be  b lo o d  v e s s e l s .
'-Beadle: (1 9 3 1 )  s t a t e s  t h a t  a l th o u g h  th ere-is . a  b lood .:
.■ supply to  t h e . interve.rtebrel d isc s  u n t i l  a f t e r  adolescence*;'- 
the Nourishment of- th e  ■ a d u l t  Interve'rtebraL d i s c  l a  derived-;.' 
from  t h e  hone, marrow, :b y ; d i f fusion  th ro u g h  th e  c a r t i l a g e  
‘plates*, \f lie  v a s c u l a r  ;.hed o f  boae-marrow a p p ro a c h e s  th e  
ca r tila g e  p la tes; at many p l a c e s .  F u r th e r *  n u t r i t i o n  may b e .  
o b ta in e d  from , the.- p e r i o s t e a l ' and l ig a m e n to u s  v e s s e l s . '
fh e  n u t r i t i o n a l ;  c h a n n e ls  and  . th e .  v a s c u l a r  supp3ies o f  
th e  a d j a c e n t  -;-.tissues: s h o u ld  c a r r y  th e  /dye- - to t h e  d i s c *  '"but- -
only-slowly*. ■ fh u e . d e a t h  o f . th e , an im al- .e a r ly  i n  th e  p e r f u s i o n  
may mean- t h a t  /no , d y e , c a n  reach, th e : d i s c ,  t h r o u g h . t h e s e  c h a n n e l s .
■ I f  i s  p o s s i b l e  t h a t -physical con tact.o f t h e  s t a i n  and
t h e  t i s s u e  w as -adequate f o r  t h e  d i f f u s i o n  o f  the d y e  and- y e t  - ;
i t  .m igh t have: b e e n  p r e v e n te d  d u e  t o  a low m e ta b o l ic  r a t e  o f - 
t h e - d i s c s * :  - U n d e r 't h e s e  c ir c u m s ta n c e s ,  u se . o f  a , . d i f f u s i o n  
p r o m o t in g  s u b s ta n c e -w a s  n e e d e d . S in c e  n e i t h e r  o f  - t h e s e  t o  
r e a s o n s  ■-coiiM  be ■■.substantiated, a n  -e x p e r im e n ta l  s i t u a t i o n  i n  
w h ic h  b o th  o b j e c t i o n s  ...were overcom e . i s  . t o  be ' p r e f e r r e d *  . . 
'C e r t a i n l y - ' t h i s  in tr a v ita l technique.did n o t  g iv e  c o n c lu s iv e  
e v id e n c e  .of the a b se n c e  o f n e u ra l :  e le m e n ts  w i t h in  the- ■; 
in tervertebral .-d iscs'of th e  r a t , "  -
.: .. - A fter■inadequate sta in in g  by in  v i t r o  m e th y le n e  b lu e  I t  
seem ed; t h a t - e i t h e r - t h e  d i s c s 'a r e  a v a s c u l a r  a s  a l s o  s u g g e s te d  
fey iCcyes and Compere ( 13 2 ) and W atson-<Tones (1 9 4 8 ) .'or t h a t  . 
th e y  :.;ar@ d e v o id  - of n e rv o u s  t is su e s ,' - I t  i s  p o s s i b l e  that b o th  - 
.o f - t h e s e ■s u g g e s t io n s  may b e  t r u e  b u t  a t  th is  s t a g e  . th e  
■ a v a s c u l a r  t ty  o f  -the d i s c  seemed, more l i k e l y  a s  th e"  s t a i n  d i d  -
n o t  r e a c h  a n y  p a r t  o f  t h i s  m a t e r i a l .  B esides, the. -discs - :
' i n ' - a l l  section s cut h a v e  show n a :. co m p ac t -structure w i th o u t  
an y  l a c u n a e 'o r  -e r y t h r o c y t e s  i n  t h e ■a n n u la r  r e g i o n ,
f h e ' m ethod ' o f a c e t y l c h o l i n e s t e r a s e " i e  h ig h ly  s p e c i f i c  
. f o r  n ervou s t i s s u e s ,  l l io  tec h n iq u e  u se e . a e e t y l t h io e h o l in e  
a s  " h 'eu te 'tra te*  Xhe b a s ic  emsymle r e a c t io n  in  t h e s e  m ethods 
ere's' when th e  tiB au eB : ( a M e h y d e ' f ix e d /o r  ; fr o s e n ) ; a re  /  
in c u b a ted  w ith  "the b u f f e r e d  s o l u t i o n  o f  ■ a c e t y l  th io c h o X in e  ; 
c o n ta in in g  e u p r ic  " io n s* ' the. l a t t e r  form  m erea p tid e  w ith ; - . 
e a s y & le a l ly ! r e le a s e d  t h l e e h o l i n e ' t o  .g iv e  .a p r e c i p i t a t e , ''.'
Shis p r e c i p i t a t e  c a n  h e  v i s u a l  i c e d  a s . c o p p e r  s u l p h i d e ' d e p o s i t s  ■ 
by treating.;the incubated m aterial w ith .hulfhido" s o l u t i o n ,
G ra n t and Thom pson (-1963) - observed.-.that t h e  p i c t u r e - o f  th e  , 
n e rv e s  a f t e r  .^acetylcholine i o d id e  I n c u b a t i o n  i s  .complete In ' 
o u t l in e * -  the-- s t a i n - r e s u l t i n g  fro m  c h o lx n e s t e r a s e  a c t i v i t y -  
b e in g  d if fu s e ' throughout.- th e  • nerve, -bundles. G a r r e t  (1966.) :
M s  a l s o  eon© : to  ■ s i m i l a r  c o n c lu s io n s ,  :g?hus» th e  p e r s i s t e n t  
a b s e n c e  o f  a  .p o s itiv e -  r e s u l t  in .  t h i s  s e r i e s  .o f  c a r e f u l l y  
con tro lled : preparations. m©t be t a k e n  to  b e-of considerable " ., 
s i g n i f i c a n c e , , ; ' I t ' s u g g e s t s  efcrongly t h a t  n o -sig n ifica n t n e u r a l ,  
-e le m e n ts  e x i s t  i n  th e  depths. ;Of .the in terverteb ral disc.#--.
" .O th e r  v a r i a n t s  o f  s i l v e r  impregnation w ere  a l s o  em p lo y ed ,: 
I n v e s t i g a t i o n s  on th e  sta in in g  p r o p e r t i e s  of. s i l v e r  m e th o d s  
by .Holm es (1 9 4 3 )  * Sam uel (1 9 9 3 )»  - 6-avern  ■ and G a irn s  (1 9 5 2 )>  
and  Bichardson: ( I9 6 0 )  h av e  shown t h a t  variation  in  t h e  pH ; 
o f  t h e - f i x a t i v e  .and a t a i n i n g , - s o l u t i o n s  a r e  r e s p o n s i b l e  t o  © 
l a r g e  -e x te n t  f o r  s h i f t i n g  th e  e m p h a s is  o f  s t a i n i n g - f r o m  o n e  '• - ' 
e le m e n t  o f  th e  . t i s s u e  to another# As the/-recognition of.
n e u r a l  e l e m e n t s ' i n  c o l la g e n o u s ,  t i s s u e  I s  a  d o u b ly  d i f f i c u l t ' ' : '  
ta s k *  th e  s p e c i f i e d 1''hydrogen io n  c o n c e n t r a t i o n  f o r  v a r io u s  
s o l u t i o n s  w ere  s t r i c t l y  a d h e re d  t o  a n d 's a t i s f a c t o r y  
d i f f e r e n t i a t i o n  in  c o n t r o l  ©s w e l l 'a s '  i n  .th e .' .t is su e  i n  
, q u e s t io n  "was achieved®  The. i n v a r i a b l e  a b se n c e  o f  an y  . n e u r a l  
t i s s u e  i n  a l l  s e c t i o n s  o f  a l l  s e r i e s  fro m  a l l  t h e  lu m b a r  
v e r te b x ’a l  b o d ie s  and i n t e r v e r t e b r a l  d i s c s  s t a i n e d  by  s e v e r a l
v a r i a n t s . o f  s i l v e r  a n d .a c e t y lc h o l in e s t e r a s e  .tec h n iq u es*
' p ro v id e  s t r o n g  grounds f o r  '.say in g '• t h a t  t h e s e  s t r u c t u r e s  in  
.rats'v. c a t s  - and human.' fo e t o . i  - a r e 1 not- I n n e r v a t e d , .; A lth o u g h  
th e  hum an' f o e t a l  .m a te r ia l;  s tu d ie d  was l i m i t e d  to . a  few -' 
s e r i e s  only*, t h e  r e  ideated  .a b s e n c e  o f  i n n e r v a t i o n  in  e a c h  
s e r i e s  w as n o t  c o n s id e r e d  . to .  be; i n s i g n i f  i c  a n t , • -. ...n e v e r th e le s s  f 
o t h e r  d i a g n o s t i c  te c h n iq u e s  l i k e  g o ld  c h l o r i d e  and osmium; 
t e t r o x i d e  w ere  a l s o  c a r r i e d  o u t  and t h e i r  outcom e o n ly  
s t r e n g th e n e d  t h i s  f in d in g ,  -
.'.The p r e s e n t  i n v e s t i g a t i o n  th u s  r u l e s  o u t  th e  p o s s i b i l i t y  
o f  a p h y s i c a l  b a s i s  f o r  r e f l e x 'c o n t r o l  o f  p r e s s u r e  i n  t h e  
in tr a ~ * tru n c a l  c a v i t i e s  , b y \>a p r e ssu r e  r e c e p t o r  fo rm ed  w i t h i n  
th e  i n t e r v e r t e b r a l  d i s c  in  th e  lu m b a r  s p i n e l  r e g io n  i n  r a t  
and .ca t* - Ho c o n c lu s iv e ,  e v id e n c e , h a s  b e en  f u r n i s h e d  o f  th e  , 
a b se n c e  o f  su c h  a  b a s i s  f o r  s u c h  a mechanism, in  man th o u g h  
i t -  d o e s  n e t  ©eeia v e r y  - l ik e ly ,  e s p e c i a l l y  i n  v iew  of. t h e  f a c t  . 
t h a t  th e  d i f f e r e n t i a t i o n  o f  n e u r a l  t i s s u e  i n  th e  a e r i a l  
s e c t i o n s  s tu d i e d  was s a t i s f a c t o r y  end su c h  e le m e n ts  w ere  
c l e a r l y  s e e n  e ls e w h e re  o t h e r  th e n  th e  lu m b a r v e r t e b r a l  b o d ie s  
and i n t e r v e r t e b r a l  d i s c s ,  However** i t  m ust be  e m p h a s ise d  
t h a t  a  c o n s id e r a b le  f u n c t i o n a l  a n a to m ic a l  d i f f e r e n c e  i n  man 
from  t h a t  o f  th e  r a t  and c a t  w ould-.not b e  s u r p r i s i n g  ?/hen
o m : © o u ts id e rs  t h e  - d i f f e r e n c e  I n  p o s tu r e  b e tw e e n  t h e s e  s p e c ie s *
' The neuromuscular p h y s i o l o g i c a l •i n v e s t i g a t i o n  o f  -the  
ex isten ce • o f  the suspected reflex' mechanism i n  th e  - c a t  was' 
u n d e r ta k e n  w i th  a  ho p e  that i f  such, a " re flex - Is p r e s e n t  i t  
w ill  show u n d e r  t h e s e  experimental cond itions, . The i n c r e a s e d  
in tra -d isca l p r e s s u r e  and  ■ t h e  increased . in tra-vertehral 
p r e s s u r e  d id  .'not e l i c i t '  an y  r e f l e x '  r e s p o n s e  e ith er  in  .the"; 
abdominal m u s c u la r  ' to n e  o r  i n ; any s e n s o r y  i n p u t , to t h e  d o r s a l  
n e rv e  r o o t  a t  th e  r e l e v a n t  v e r t e b r a l  l e v e l , '  fh is  c o n c lu s iv e  
evidence, in  t h e  c a t  i s  hard' to r e la te  t o  hum an - c o n d i t io n s .  
However* 't h e r e  .a r e  "several:s i g n i f i c a n t  p o i n t s  w h ic h  p r e v e n t  
o n e  fro ©  ’ m aking sw eep in g  .gen era lisa tion s as a, r e su lt o f  t h e  ■ 
p r e s e n t  f i n d i n g s ,  . . I t  I s  -.possible'-: t h a t  th o u g h ' e a c h  ."a r e f l e x  
i s  p re s e n t* ' i t 'm a y  h a v e ' b e e n  © asked by the g e n e r a l  a n a e s t h e s ia ^  
a l th o u g h  -n e u ra l--discharges-:w ere  c o n s i s t e n t l y ,  evoked  b y  • 
p e r i p h e r a l  stim ulation , •' Further* due ,to -th e'p ostu ra l. '
d i f f e r e n c e s  b e tw e e n  © an’, end  c a t .  I t - i s  p o s s i b l e  t h a t ,  d u e  t o  
th e  w id e ly  d i f f e r e n t  mechanical- demahde s u c h  a  re flex  .may 
n o t  b e  p r e s e n t ‘i n : th e - -q u a d ru p e d a l .sp e c ie s*
- - A l t e r n a t i v e ly * ' i t  I s  - conceivable ' that a p r e s s u r e  . 
s e n s in g  d e v ic e  may be l o c a te d  e ls e w h e re  i n  t h e  body* s u c h  a s  
i n ' t h e  te n d o n s ' o f  t h e  e r e e t o r e s  s p in a e *  I n  .th e  a u th o r s  
c o n s id e re d ,  o p in io n  -the v e r t e b r a l  j o i n t  c a p s u le s *  or. l ig a m e n t s  - . 
lik e  the • ligamenta: f  lav© - on th e . anterior>v.and p o s t e r i o r  
l o n g i t u d i n a l ■l ig a m e n ts  a r e 'u n l i k e l y  t o  c o n t r i b u t e  to w a rd s  
t h e  operation'-b £  th e  r e f l e x  i n  question, ' Pressure -receptor© • 
i n  t h e s e  o rg a n s  h ave/not'. been o b s e rv e d  * and t h e s e  stru ctures  
© re n o t  th o u g h t  to  u n d e rg o  c o m p re s s io n  i n  .a s s o c ia t io n ,  w ith ■' 
t r u n k  a c t i v i t y .  One c o u ld  say. t h a t  t h e  f a c t  t h a t  . ' .v e r t e b r a l
d i s c  l e s i o n s  a re  o f  r e l a t i v e l y  fr e q u e n t  o c cu rr en ce  s u g g e s t s  
t h a t  any a f f e r e n t  p a r t o f  a  r e f l e x  mechanism i s  l i k e l y  n o t  
to  he p r e s e n t  w it h in  th e  a lso© * fu rth erm ore*  th e  J o i n t  
’c a p s u le s  and th e  l ig a m e n ts  are. u n l ik e ly  t o  c o n ta in  s t r e t c h  
r e c e p to r  r e la y in g  s i g n a l s  to  th e  tru n k  m u sc le s  t o  undergo  
c o -o r d in a te d  c o n tr a c t io n  e f f e c t i n g  p r e ssu r e  r i s e s  d u rin g  
e x te n s io n  o f  a  ■compressed sp in e ' b eca u se  t h i s  sh o u ld  c a u se  
'■ ■ sig n ifica n t. p r e ssu r e  r i s e s  d u r in g  normal; e x t e n s io n  a s  th e  - 
amount o f  s t r e t c h in g  undergone i s  i d e n t i c a l  and i s  n o t  
r e la t e d  to  lo a d in g ,  ■ ■ ■ ■
The p o s s i b i l i t y  t h a t  a -re flex  i s  i n i t i a t e d  by  f o r c e s  
'a ctlu g . on';'the. e r e c t o r /spinae. m u scu la tu re  i s  su p p o rted  b y  • ■ 
th e  e x e r c i s e  i n v e s t i g a t i o n s ,  T hese have d em on stra ted  t h a t  
th e r e  i s  a s t r o t ^  c o r r e la t io n  he tw een  e r e c t o r  s p in a e  a c t i v i t y  
; and Inc r e u se d : I n tr a -a b d o m ln a l■ .pressure*;..
S im ple c o r r e la t io n  b etw een  e r e c t o r  sp in a e  c o n t r a c t io n  
and th e  in tr a -a b d o m in a l p r e ssu r e *  and a l s o  th e  p a r t i a l  
c o r r e la t io n  h o ld in g  th e  e x t e r n a l  o b liq u e  c o n s ta n t  b o th  
„ in  - I l i f t - u p f ' a n d , 1 l i f t -d o w a *  p h a ses  i s  .v e r y  h ig h  I n d e e d , '
In  b o th  th e s e  c o r r e la t io n s  th e  p r o b a b i l i t y  f ig u r e  was 
c o n s i s t e n t l y  l e a s  th an  0 ,0 0 1 *  Only t h e s e  two c o r r e l a t io n s  
are  w h o lly  r e le v a n t  in  th e  p r e s e n t  c o n te x t  a s  . t h e  • o t h e r s  , 
h o ld  th e  e f f e c t  o f  th e  w e ig h t  c o n s t a n t ,  R e s p ite  th e  
u n fa v o u ra b le  r e s u l t  o f  rem oving th e  e f f e c t  o f  w e ig h t  a  
s i g n i f i c a n t  c o r r e la t io n  i s  e v id e n t  in  a l l  th e  f i g u r e s  f o r  
th e  l i f t - u p  phase* w h ich  i s  th e  m ost Im p ortan t p h ase  in  
regard  'to abdom inal' p r e ssu r e , su p p o rt f o r  th e  tru n k . I n  
c o n c lu s io n *  su ch  v e iy  s tr o n g  c o r r e la t io n s  b etw een  th e  
e r e c t o r  sp in a e  and th e  in tr a -a b d o m in a l p r e ssu r e  s u g g e s t  th e
' 'f a b le  .. sh o w in g  s i m p l e ; • c o r r e l a t i o n c o e f f i c i e n t s  ..end 
'■ p a r t i a l - c o r r e l a t i o n  c o e f f i c i e n t s  b e tw e e n  e r e c t o r  s p in a e  
o - h e t iv i ty .  and- th e  i n t r a - a b d o m in a l  p r e s  s u r e  h o ld in g  - one  and 
'two v a r i a b l e s  c o n s t a n t .  Vy-y v '"
■. -M ales
Ih a se T a r ia b le s - Peak , HLateau ■ ■ A v erag e
r 24 ' 0.-989*** 0 .9 1 - 0 * 9 9 0 .r-;
y  r 24.-i. V 0.-885** ' 0*862#* 1 0.79T* ■
- r2 4 .3 0.962*** 0*964***
, ; r24.a3 0 . 8 2 8 *”* 0.814*“ 0.736*
' '
0,976*** 0.989***
_____ ***0 .9 9 2
- io w n y r 24 .a - 0 .5 8 5 ’ 0 .535 0.779*
- ■ y ^ . d '  — 0,932*** 0*917 0*979
r 2 4 .1 3 - 0 .5 6 0 0*331 0*590
.Where'-; -  r 2 4 ' 1 a  ’• s im p le  - 'correlation - b e tw e e n  e r e c t o r
: ' - sp in ae .,. a c t i v i t y  and.’ in t r a - a b d o m in a l  '• p r e s s u r e  * ;
r 2 4 » l  is;- p a r t i a l  c o r r e l a t i o n  b e tw e e n  e r e c t o r  
. s p in a e  .a c t i v i t y -  and t h e ’ i n t r a - a b d o m in a l  p r e s s u r e  
h o ld lo g  th e  w e ig h t  c o n s t a n t #
c o r r e l a t i o n  b e tw e e n  e r e c t o r  
s p in a e  a c t i v i t y  and th e  in t r a - a b d o m in a l  p r e s s u r e  
h o ld in g  e x t e r n a l  o b l iq u e  a c t i v i t y  c o n s t a n t ,  
r 24*13 I s  p a r t i a l  c o r r e l a t i o n  b e tw e e n  e r e c t o r  
s p in a e  a c t i v i t y  and th e  i n t r a - a b d o m in a l  p r e s s u r e ; ' 
h o ld in g  th e  w e ig h t  and e x t e r n a l  o b l iq u e  a c t i v i t y  
■ c o n s t a n t * ,
#*# p <  0 #001 ;■/** p  <  0*01  ' P <  0*02 p  <  0*05*
h ig h  p r o b a b i l l t y  o f  t t e - o c c u r r e n c e  o f  m y o ta t io :r e c e p t o r s  
e i t h e r  i n  th e  te n d o n s  o f  th e  e r e c t o r  s p in a e  o r  th e  m u s c le s  
th e m s e lv e s  w h ic h  t r i g g e r  th e  p r e v e n t iv e  p r e s s u r e  m echanism  
b y  r e l a y i n g . t o  t h e  '- a n te r io r  a b d o m in a l-w a l l  m u sc le s  9 : : 
d ia p h ra g m  -and ■ p e r in e u m . 'Such- a  m echanism  m ay : n o t  b e . - l i k e l y  
f o r  c a t s  b u t  i s  h i g h ly  p l a u s i b l e  f o r  men* A s tu d y  o f  th e  
f u n c t i o n s  o f  t h e  a f f e r e n t  n e r v e s  i n  t h e  e r e c t o r  s p in a e  
w ould  b e  n e ed e d  b e f o r e  t h i s  p r o b a b i l i t y  co u M  be c o n firm e d *
smmo® 11
X n  th e  p r e se n t  s tu d y  .-of tra n k  m ech a n ics -an attem p t' 
h a s  been-B ade :to  f i i m i s h  e x p la n a t io n s  and e v id e n c e  o f  the' 
m echanism  b r id g in g - th e  -gap between.' th e  ’- to le r a te d -  s t r e s s e s  . 
in- i l l ; v i t r o  c o n d it io n s  and-, t h e  c a lc u la t e d  - s t r e s s e s  In' th e  ' 
l i v i n g ' d u r in g  -;stoop • l i f  t in g  and o th e r  a c t i v i t i e s * . I t  h a s  
a ttem p ted  -to r e v e a l  th e . manner : in  w h ich , t h e - f o r c e s  a c t  on  
■the tru n k -an d  the- r e sp o n s e s  o f  th e  r e l e v a n t .parameter®* - - 
l a  t h i s  p a r t  o f  - th e  work, em phasis- h a s  .b een  plhoed . on : th e  : 
a c t i v i t y -  o f  • trank; m u s c le s , behaviour-, o f  p r e s s u r e . In  one o f  - 
th e  tru n k  c a y -it ie s -  (abdom en) and ;t h e „ch an gin g  p o s t u r e - o f  
th e  trunk, d u r in g  some o f  t h e ' a c t i v i t i e s f -and t h e i r  in ter-*  
r e la t io n s h ip * - .
I n v e s t i g a t i o n s  i n t o  t r u n k  - m u sc le  . a c t i v i t i e s ’: w ere ' c a r r i e d  
o u t  on  t h e ' prime:- e x t e n s o r ,  e r e c t o r  s p i n a e f : - and. th e  e x t e r n a l  
o b l iq u e  b y  s u r f  ace. e le c t r o m y o g ra p h y .  -. i  - '
S u rfa c e , e le e trb m y o g ra p h y  w as p r e f e r r e d  : i n  t h e  c u r r e n t
p r o j e c t - ' t o  h e c d le  e l e c t r o d e s  f o r  a ; num ber o f  r e a s o n s *  f i r s t , ■ 
. t h e  .'-pick u p  o f  t b s  m u sc le  a c t i o n  p o t e n t i a l s  b y ' s u r f  a c e  - 
e l e c t r o d e s  i s  m ore r e p r e s e n t a t i v e  o f .m u s c u la r  a c t i v i t y  m  ”. 
.co m p ared '-to  th e  n e e d le  e l e c t r o d e s  w hose p i c k  u p  i s  m ore 
l o c a l i s e d ,  F lo y d  and S i l v e r  (1 9 5 0 a )  s t a t e  t h a t  s u r f a c e  
e l e c t r o d e s  p ic k  u p  th e  a lg e b r a i c  ©urn-of t h e •a c t i o n  p o t e n t i a l s  
o f  a l l  a c t i v e  m o to r u n i t s  i n  th e  m u sc le#  a l th o u g h  t h e  p a r t s  
o f - . t h e . m u sc le  more' rem o te  from  th e  - e l e c t r o d e s  h a v e  a  s m a l l e r  
e f f e c t  th a n  -the a d ja c e n t-  p a r te *  T h u s ’t h e  e l e c t r i c a l  r e c o r d -  
i s  - - c o m p o s ite  and 'r e p r e s e n t s  th e  siim m ated e l e c t r i c a l ,  a c t i v i t y '  
o f  a l l  a c t i v e  m o t o r .u n i t s j  w i th  d u e  r e g a r d  to  ( I ) -  t h e i r  -
..■ spatia l d i s t r i b u t i o n ,  ' ' . r e la t iv e ' to  th e  ■ r e c o r d in g  e l e c t r o d e s ,
.and ' (1 1 ) ' th e  t e m p o r a l .d i s p e r s i o n  o f  f i r i n g *  © lie  s o r e ' . 
g e n e r a l i s e d  aM ■ compos i t e ,  p ic k  up ..-..pewits a.' r e l a t i v e l y  s im p le  
m ethod , o f  te m p o ra l  . a n a l y s i s ' t o  -be. used;'and a l lo w s  .the. r e s u l t s  ' 
t o  be s u b je c t e d  ;to  s t a t i s t i c a l '■■analysis* -T hough th e  . 
m ag n itu d e  - o f  c o n t r a c t i o n  o r  th e  . e l e c t r i c a l  a c t i v i t y  ., o f . th e  
muscles'*' c a n  n o t be f u l l y  q u a n t i f i e d  b y  s u r f a c e  e le c tro m y o g ra p h y , 
. i n c r e a s e s  i n  t h e s e  '-.param eters, w i l l  b e  r e l a t e d -  to  i n c r e a s e s - ,  
in  f r e q u e n c y ;a n d  a m p l i tu d e ,  o f  a c t i o n  ' .p o t e n t ia ls ’--recorded •
. in "  t h e ■ s u r f a c e  e lectrom yogram *-.-
fh e  te c h n iq u e  .of te m p o ra l  a n a l y s i s  em p lo y ed  u s e s  
n u m e r ic a l  v a lu e s ,  a l th o u g h  t h e s e  a r e '  on ly , r a t i o s , ' D u rin g , 
g r o s s  t r u n k  .m ovem ents th e  e o n t r a c t i o n ; a n d  s t r e t c h i n g  'o f  th e  
o v e r ly in g -  s k in  i s '  l i k e l y  ..to . a l t e r  i t s .  r e s i s t a n c e  and th u s  
o b s c u re  th e ' q u a n t i t a t i v e  r e l a t i o n s h i p s  o f  e l e c t r i c a l  a c t i v i t y  ' 
d u r in g  th e  v a r io u s  p h a s e s  o f  .p h y s ic a l  . a c t i v i t y  i n  a n y 'o n e  r  
su b  je c t*  :. F u r t h e r * th e  - . i n d i v i d u a l ; v a r i a t i o n '  i n  s k i n  t h i c k n e s s  - 
I s  a l s o  l i k e l y  t o . a f f e c t  th e  p ic k  ;np d i f f e r e n t l y  i n  d i f f e r e n t  
s u b je c t s * '-  -However, i t  m u st be  e m p h a s ise d  t h a t  a l l  t h e  
c o m p a r iso n s  and c o r r e l a t i o n s -  h av e  b e e n  'c a r r i e d :o u t  on s i m i l a r  
' p h a s e s .;o f  - s i m i l a r  'e x e rc is e s '.- 'in  d i f f e r e n t  s u b j e c t s ,  b y . a  ' 
n u m e r ic a l - '. r a t io  c a l c u l a t e d 'f r o m  .th e  maximum re s p o n s e  on  th e .  
r e c o r d * As th e  m anner o f .p e r fo rm a n c e  o f  th e  d i f f e r e n t  
e x e r c i s e s  w a s  e x p la in e d  and  d e m o n s tra te d  t o  a l l  s u b j e c t s  and 
r e h e a r s e d 'b y  them  b e f o r e  r e c o r d in g  was c a r r i e d  .o u t ,  - i t  i s  ' 
hoped-, t h a t - i m p e r f e c t i o n s  -due / to  t h e 'd i s s i m i l a r - - e f f o r t  - o f "  
s u b j e c t s  was re d u c e d  t o  a  minimum* F u r t h e r ,  s i n c e  th e  ;  
n u m e r ic a l  e x p r e s s io n s  a r e  only'; r a t i o s ,  t h e  v a r y in g  t h i c k n e s s  
o f  s k in  i n  v a r io u s  su b  j e c t s ’w o u ld  n o t  a f f e c t  - th e  ' .p e r c e n ta g e  
f i g u r e s *  . T he o n ly  o t h e r  - p o s s ib le  m ethod ; o f  ' n u m e r ic a l
expression from, such large-.'muscle masses would have 'been-/to , 
use recordings of .-Integrated e le c t romyograms fro m 'sev era l 
s e ts  o f needle e lec trodes*  ' Bven th is  method would not have, 
been perfect' as- i t  is. not .'.possible to pick  up a l l  a c tio n  . 
p o te n tia ls  of a l l  m otor:u n it s  from such.mus.cles* F u rth e r 
objections- to in tegration  have, been elaborated i n . the. 
introduotoxy chapter* I t / I s  f e l t  :.that the. correlation  
figu res represent a r e lia b le  q u a li ta t iv e  re la t io n s h ip , and- ' 
g ive a re a so n ab le . in d ic a t io n ' o f r e la t iv e  magnitudes o f 
contraction*
■ Ere.e to re s  ."spinae / a c t iv i ty  has ■ been, stud ied  by Floyd and 
S ilv e r  (1951, and '1955)- by means .of su rface  e le c tro d e s  and ■ 
concen tric  needle elec trodes*  '/They-found th a t  the  
electromyographic .activity*;, o f  these  • muscles was - adequately-; 
recorded by su rface /e lec tro d es* ' They could not show any 
a c t iv i ty  In  the deeper p a r ts  .of. the "musclest . such as the . 
m u ltlfid l (recorded by needle e le c tro d e s )  which was not . 
re f le c te d  in  the "pick .up. o f - action  .potentials by su rface  
electrodes* -In-a h igh ly  ac tiv e  exp erim en ta l.s i tu a t io n  I t  i s  ■ 
l ik e ly  that needle electrod es would evoke in ju ry  p o te n t ia ls  -' 
end th u s ,f a l s i f y  the records obtained*--;
An o b jec tio n  to  su rface  electromyography is  th e  p o s s ib i l i ty
th a t  p ick up from neighbouring muscles nay in te r f e r e  with / 
the record . The sp in a l muscles s tu d ied  in  the p resen t 
in v e s tig a tio n  were la rg e  and:neighbouring muscles la y  a t 'a  
considerab le  d is tan ce  from the recording s ite*  Floyd and /  
-Silver (1955)/ in  th e ir  electromyographic study of e re c to re s  
spinae d id  not. fin d  any..extraneous pi&fc'up* Floyd and S ilv e r  
(1950a) alao claim that "in'their stu d ies o f  e x te rn a l ob lique
by su rface  e lec tro d es  there 'w as no s ig n if ic a n t  p ick up 
from the: in tern a l obliques;' so th a t  i t  a earns .un like ly  th a t  ' . 
in te rn a l  oblique - a c t iv i ty  could have '.a f fe e te S 'th e  e x te rn a l : . - 
oblique recordings*.,; , /  /;
. She -.general; p a tte rn  •of.-; .electromyographic ■ a c t iv i ty  o f  : 
the  erec to re s  sp inae .-muscles I n  r e la t io n - to  trunk  movement- 
in  the p resen t study has been in  conformity with- the •f indings 
o f previous authors- (P ick , 19 l i f  . A llen , 1948 $. /• Floyd -and 
S ilv e r , .1951} . 1955. M orris, Lucas '.and B resler*  1961}. •' MorrisV 
Benner and, Lucas, 1962 and o th e rs ) . These muscles co n trac ted  
during i n i t i a l '  f le x ;’/ion towards a stooping posture, as s ta te d  
by Floyd and' S ilv e r  .(1955)* ’ On the. a c q u is itio n  of a f u l ly  . 
stoo|)ed posture - e ith er  complete s i le n c e . occurred- or the ■ 
a c t iv i ty  was markedly .reduced* This phenomenon o f f le x  16nr; -' 
re la x a tio n  has .beexr e s tab lish ed  by th e . work o f  A llen . (1948) 
and Floyd and S ilv e r  (1951)* . I t  i s  suggested1 .that in  th is  
posture the weight of the trunk  and the s t a b i l i t y  o f- th e  ■ 
spine is  m aintained by the sp in al ligam ents, such as the-., 
ligaments f  lav a  and- th e . aunulus ’ f ib rq su s . o f . the. in te rv e r te b ra l  
discs* S ilv e r  (1952) also  believed  th a t  o n ly .th e  T ension  
of the in te rv e r te b ra l:  ligam ents can allow the f le x io n  - 
re la x a tio n  of the  e re c to r  spinae* He s ta te d  .a n d 'i t  seems 
ev iden t th a t  th e re  is' no muscle which can-take over from the 
e re c to r  spinae and m aintain  the h orizon ta l-flexed  postu re  
of the trunk* - Since the e reo to res  spinae. a re .-s itu a ted  in  
apposition of optimum .mechanical advantage f o r  extending 
the trunk  i t  seems/very u n lik e ly  th a t  the ©restores sp inae  
would re la x  -in  favour' of. some o th e r muscle which w i l l  have
to' operate'at'a oonsidorable-Bechanical disadvantage*
, The .initial discharge -of ac tio n  p o te n tia ls  p r io r  to  
th e , lift~up op era tio n  in  th e ' stooping 'posture in thirteen;-; 
sm h jeo ts ; w as..a ttrib u ted  to , s l i g h t ex ten s  ion vof the sp ine ..; 
which. was ■ an e f f o r t  to  place th e i r  .trunks in  a b e t t e r '  ■' 
mechanical position . 'fo r  the  operation*' During the l i f t - u p  
-phase the...initial-.-erector sp inae a c tiv ity -h a s  been a t  a "  
low. le v e l ,  followed -by vigorous, c o n tra c t ion- during  ■ the l a t e r :;;.
- p a r t of ' the. -morement*, - This .observation Is : in " complete 
agreement w ith  the .observations- of -Ployt-' and S ilv e r  (1955),
'and M o rris ,-ie rm er aM Lucas .'(1962)*--'T't w as-sta ted  th a t  
during  th i s  phase the spine-did: not extend--ami' the apparent . 
ex tension  was a t  th e . h ip . jo in t* . -It was:f a r th e r  in v es tig a ted , 
by Davis, Troup and Barnard (1S65) who found th a t  during th i s  
phase th ere  was l i t t l e  In t r in s ic  movement o f the  sp ine and 
ex tens ion , o f the., lumbar epine was delayed u n t i l  the w eight 
'had reached about a 't h i r d  of i t s  f in a l  height* Cinematographic 
study, o f the - curren t, work'- also- rev ea ls  th a t  lumbar ex tension  
■ during  stoop  l i f t in g -  is- delayed;and doom not s ta r t . .w ith ,th e  ’ 
beginning of - the . l i f t *  - This': exp lains the  r e la t iv e  s i le n c e ' 
o f the e re c to r  spinae * during the i n i t i a l ' :phases; of the  l i f t *
In  the  f l if t-u p *  phase tw o 'c le a r  p a tte rn s  .of h igh  le v e l  / 
a c t iv i ty  of the e re c to r  spinae were observed* Two peaks of 
a c t iv i ty  were recorded in  l i f t s  w here; s u b je c ts . broke th e  phase 
into ' two " 'portions, one o f . l i f t i n g ' end! the other of placing  
IT  - on the tab le  t - ■ where ■ the ; l i f t s ' were performed in  one smooth - 
movement only one' peak was 'evident* .- .'.Shis is 'T n ly - to  be 
expected, since when the subject .has .reached a n e a rly -u p rig h t ■ 
posture a fte r  l i f t i n g  the weight" electrom yographic a c t iv i ty
w il l  dec line  'but i f  . th is  • i s  "follow ed- by a second phase' fo r  .
. placement o f the: weight on the  tab le  in  f ro n t  o f  him a .degree 
of c o n t r o l le d  f l e x i o n  .a s s o c ia te d  w ith  e re c to r  sp inae a c t iv i ty  . 
must" occur*’ ’ A© the tru n k  i s  ca rry in g  an e x tr a  w e ig h t  th e  
flexor,.'force w ill .b e  considerab ly  increased  and the  e r e c to r .  ' 
spinae w ill-have  -to match; th i s  in  o r d e r  to  c o n tro l the movement*
-In ,the ’ lift-dow n* phase a more'uniform -' p a t t e r n  o f ‘ . 
e le c tr o m y o g r a p liie  • a c t iv i ty  o f • e re c to r , spinae was observed* , / v  
S lig h t a c t iv i ty  asso c ia ted -w ith  grasp ing  the weight on t h e / ,  
ta b le  was a t t r ib u te d  to  the co n tro lled  sp in a l flexion* , When/ 
the su b jec ts  l i f t e d  the weight from the ta b le  the. observed . 
m a s s iv e a c tiv i ty  o f  'th e  e r e c t o r  sp in a e ' was associa ted , w ith  
. the requirem ent f o r  ■.considerable m ech a n ica l w ork, and e re c to r  
sp inae had T o •;c o n tr a c t  v ig o r o u s ly . .to  ex ten d  th e  sp ine and . ..." •
b r in g  th e  w e ig h t  w ith  th e  trunk  from the .table* F u r th e r , ' 
d e liv e ry .o f  the weight to  the ground. involved la rg e  -ac tiv ity  /  
o f the e re c to r  s p in a e  -in the' c o n t r o l  o f th e  . .p r o g r e s s iv e ' 
f le x io n  o f the .spine o b s e r v e d / in - t h ie  ac tiv ity *
- ’ As the s u b je c ts .w e r e , n e ith e r  a th le te s  nor tra in e d  weight 
T i f t e r s ,  most., o f  them had a s i g n i f i c a n t  su b cu tan eou s. ,
■d ep o sitio n  o f f a t  o n 'th e " a n t e r io r  abdominal wall* . T h is ; . 
p a r t ia l  e l e c t r ic a l  in s u la t io n ,  o f  • th e  abdominal .w all became •- 
m o r e e f f e c t iv e . ,  in  stooping .posture as th e  su b cu ta n eo u s  
t is s u e s  :increase in  th ickness, during t h i s  e x e r c is e *  T h is  
abdom inal, f a t  is  th o u g h t'to  have d ic ta te d ‘the s m a ll  am plitudee 
o f  - th e  - p o t e n t i a l s  isecorded* •
' A b r ie f  .discharge ..of action  p oten tia ls  from th e  'external 
ob liq u es: following, a c t iv ity  o f • The". erector spinae in  most ;
"of /th e - ' su b je c ts  •.■daring stooping 'st*®ests that the e x te rn a l ' 
obliques a s s i s t  in  t h e 'co n tro l'of'■ f le x io n  though no conclusive  
evidence, i s  furnished here#.. However, the.'massive- activity" • 
o f the. ex te rn a l' ob liques e ith er  before : or coincident w ith  ',
. the-event-of w eigh t‘l i f t i n g ,  w ith  a magnitude coinciding-.ana 
■declining w ith  th a t-o f  th e -e re c to r  sp in ae , c le a r ly ’ r e f l e c t s  : 
that, th e se  muscles act with the;erector spinae at the moment 
of maximum s tre s s*  The second peak o f th e  external.ob liques . 
-during ...the. l i f t  .up phase matched ex a c tly  .w ith the ca rry in g  
o f the .weight forw ard"to place It., on the  table*  s ince  the 
e x te rn a l oblique - muscles ©re -both flex o rs  and ro ta to r s  o f the' 
trunk,. they may - w ell - play a s ig n if  icant synergistic,' ro le  
in  th e se . a c t iv it ie s#  ... fhe.ir contract ion - would ; a lso a s s i s t  
the  deeper muscles in  ra is in g  abdominal .' pressure, although on 
morphological grounds i t  would seem l ik e ly  That traasversus 
abdomlnus is  -primarily concerned, with' th is* -
in"the lif t-d o w n  phase-a peak of'extern al'ob liq u e
activ ity , coincided w ith” the l i f t - o f f  from the T able? This.
again . appears• to .be■ syn erg istic  f o r ; th e ; la rgo  erector • sp in ae
c o n tr a c t io n  needed to overcome. the i n e r t i a  o f ’the' w eigh t,'.
when. l i f t in g  at a d is tan ce  from the trunk in  a forward".
i re l in e d  posture • -The’ longer the, d is tan ce  of th e 'w e ig h t
from'Tho.centre o f gravity  of the body th e 'g r e a te r  w il l  be
.The. mechanical disadvantage.# .-. Such a .s itu a tio n  w i l l  impose.
. a larger' compression on the lumbosacral sp in e . end tk®: disc# /  . 
I t"  i s  suggested, that to ’'relieve the sp ine  p a r t i a l ly  th e  ■
in tr o -a b d o m in a l p r e ssu r e  w i l l  have to  b e .r a ised ' and hence 
eL&ominal muscular a c t i v i t y  i s  inev itab le*  A second peak 
of ex te rn a l oblique a c t iv i t y 'a s s o c ia t e d - ,  v /ith  the peaks of 
e re c to r -'sp in a e ' a c t i v i t y  . and in tra-abdom inal pressure i s  
s ig n if ic a n t * .  The trunk  posture a t  th is  time is  th a t  of 
advanced .flex io n , and th e .'e r e c to r - s p i-h a e /t s  presumably 
, engaged ;in e longation  co n trac tio n  c o n tro llin g  ind d ece le ra tin g  
the weight* S p in a l compression should in  thecry  in crease  
. markedly, and. th i s  would seern;'to \b e ; re f le c te d  by the- increased  
in tra-abdorainal p ressu re - ob served  'a t 'this.-Titne* •
Immediately befoie the ’l i f  t -u p 9 phase, w ith  "successively  
. in c r e a s in g  w e ig h ts  an in c r e a s in g  m agnitude o f. n e g a tiv e -'  
.in tra-abdom inal p ressure was recorded/'w h ich  rose, to a -sim ilar .' 
magnitude o f  p o s itiv e  p ressure 'ju s t  b e fo re . l i f t  o ff  * .'T h is - . 
pressure, change was observed .to  b e - a s s o c ia t e d  w ith  deeper /  ' 
and deeper b rea th  tak ing  and holding in  p rep ara tio n  f o r  the 
l i f t *  I t . i s  suggested here th a t  these deep b rea th s  helped 
to  generate  g r e a te r in tr a - a b d o m in a l .  p r e ssu r e  to  endure 
severe sp in a l compress ion* • The deeper, the in s p ira t io n  -.the 
la r g e r 'th e  negative pressure, recorded," and .■ th is  /-.in. tu rn ' 
re f le c te d  the magnitude of the follow ing peak or su sta ined  
pressure both before and during l i f t  off* I f  the th o rac ic  
c a v it y  i s  f i l l e d  by- in h a le d  a i r  and s e a l e d ■by closu re  of 
the g l o t t i s ,  subsequent c o n t r a c t io n  of the abdominal w a l l  
muscles can generate la rg e r  p ressu res in  both the th o rac ic  
'and abdominal . cav itie s* , / A lterna tive ly ,'- the  diaphragm can 
continue to  co n tra c t and the g lo t t i s  remain open, when a 
la rg e r  r is e ,  'in  -in tra -ab d om in a l pressure; alone" ca n /b e  achieved*
D avis-(1957) suggested th a t  in crease  In. th e ■ in trs-aM o m iaa l 
p ressu re  during  weight- l i f t i n g  acted-by' increasing the 
p ressu re  on the Inferior- surface o f  the diaphregm thereby 
Increasing the- l i f t i n g  e f f e c t  of-The diaphragm on .the  lower: ; 
ribs#  This l i f t  on .the r ib s  acts as-an  ex ten so r le v e r  on 
.the v e r te b ra l  ..column To r e s i s t  the :f le x in g  e f f e c t ; on the 
lumbar column o f the  w eight l i f t e d * ' Where intrathorae.ic 
.pressure, r i s e s  . also- occur - i t  Ts suggested th a t  the - t ru e  r ib s  
w i l l  also' a c t as f le x io n  r e s i s t in g  le v e rs* ., The p resen t 
observations., are- in: complete agreement with t h i s  explanation . 
and lend' t h e i r  f u l l  support to , i t*  ;
■ With heavier weights there was. a tendency, fo r  the 
pressure, to  s t a r t  r is in g ' e a r lie r  .-than the -.actual l i f t  o f f  
while with lower weights, it-  rose a t  the same time as 'the w eight - 
l e f t - th e  ground*. . .This. suggests th a t  the 'sub je c ts  b u i l t  up 
a  momentUB to accomplish the task* The shape . o f the  pressure 
peak-hecame-more-and m ore-steep and the magnitude'• rose w ith ­
in© reusing weight* f E vidently  the Increasing-T ask  of 
overcoming the  i n e r t i a  "of h eav ie r w eights and a c c e le ra tin g  • 
them required m  in c reasin g  ex tensor--effect which was. matched 
by the  in c reas in g  ln tra«aM om inal'p ressu re*  -
When .thew eights were -carried ' forward • to. place them -. 
on the ta b le  in - th e 'e r e c t  po stu re , a -second p ressure  peak was 
recorded*' I t s  magnitude rose w ith  " th a t o f  the weight' and 
with h eav ie r w eights ..markedly exceeded th e  ' l i f t "  o f f ’ p re ssu re  
peak# A h ig h er ..value fop the -second. peak i s  to  be expected 
since  the f le x o r  torque exerted  by . a largo, weight held • In - .- . 
f ro n t  o f the body, a t-n e a r ly  f u l l  an*s: length  i s  g re a te r  than - 
th a t  ex e rted 'b y  the  same w eight in  the o r ig in a l  stooped- l i f t i n g
position* -
■ ,The in i t i a t i o n  - o f the  -lift-dow n phase was ■ a lso  
.accompanied. by a .a l ig h t ' negative intra-abdominal -pressure : . 
associated  w ith  Inspiration*..; This shallow;..pressure trough.. , 
d id  - not T ea r any f ix e d ; rela tion sh ip  w ith /th e  -electromyographic 
a c t iv ity  .o f. th e  :© recto r■ apinae ■ observed ■ d u rin g ' t h i s •. 'phase* .
Thus,-.. th e  .-inspiration fo r  - breath holding /as a p rep ara to ry  
s te p  f o r  ...the - * lift-d ow n 1, 'may take, place during ^controlled./... 
f le x io n  o r  /a fter . i t*  - - However,;/ at - th e  time., o f l i f t  ■ o f f  -from 
the / ta b le ,  .the la rg e s t  - pressure -Increases -occurred with- ;; 
stoop peaks coinciding, with.The. weight. -leaving'the tab le*
Again, th i s  f a c t  appears -.to be asso c ia ted  with th e  need to. - . . 
overcome the i n e r t i a  o f the w eig h t-in  a p o s it io n -o f  ■ m echanical 
d isadvan tage,; and strong ••support for. th is  i s  obtained from' 
the observa tion  th a t  th e  abdominal-/pressure' f e l l ,  a b ru p tly  - 
a s /th e  weight moved .near to -th e 'tru n k *
:fhe h e a rt rate- in- th e . present- s e r ie s  was recorded' as  ; 
a measure of the physical .effort.'involved, .although obviously  
i t  could not .be -used a s : an •aceurate- measure. ■ o f -this* I t  , 
allowed the  experimenter to ..suppose- that* no s ig n if ic a n t ■ •/•••• 
physical .fatigue:-was occurring*/■
:The deduction in - the range of 'spinal m obility  with  
increasing weights during  l i f t i n g  was-observed cinem atograpliteally
to  be asso c ia ted  w ith-sm all-increases in  the amount o f knee - 
f le x io n  occurring  d u rin g - these  l i f t s * -  Although the  su b je c ts  
were instructed- in  the beginning not to  bend'! th e ir  • knees * 
knee... f le x io n  in  rstoop l i f t s  with, larger weights ‘Was found To 
occur* Increasing -exertion-, requ ired  ' fo r  The. h ea v ie r ' l i f t s - ; ... 
appeared to  be matched by 'an: in c re a s in g ly -e f f ic ie n t ' l i f t i n g  ’ • 
posture* ” The g re a te r  m o b ility  o f -the sp in e  during  th e  downward' .
l i f t s  was, perhaps, -toe to  'th is  .act b ein g . le e s  '-stressful .- 
(a s -'the work -is 'tone  in  the  d ire c tio n  o f g ra v ity )*  /  This 
reduction  in  ■ s t r e s s  appears - to  ...have permit ted  -a g r e a t e r ; 
freedom o f ' raovexnent to  the  lumbar sp ine* ' ;
la . m  eleotrbmyographio study o f tbs .ere©tores spinae- ’ 
S ilv er  (1952)’ found that -torlog' &toopecl w e ig h t-lift in g  the 
ereotores spinae- remain in active u n t il  'the hands holding the ■ 
w eigh ts' reach knee level#  , Floyd (1952) observed’ that 
contraction o f the 'ereotoree.'.apinae begins .with a c t iv e ■ 
extension o f  the " sp in e* :D a v is , Troup' an!'' - Barnard(1965) '
; also ' found that;-during--stoopl i f t i n g ' .extension--of- the  sp ine • 
began when.• th e •' w eight''had reached knee' -height ’ thus/ r e la t in g  - 
' the. observations;m ade by S i lv e r : ( 19525-’and- by Floyd: (1952)% '■ 
B efore. t h i s ' c r i t i c a l ' le v e l  - the -lumbar v e rteb rae  ' remain - 
immobile' sod locked in  .a. flexed  position} ; the- in i t i a l -  '
-; exten sion ' of th e 'tru n k  being  -brought about by'-extension, o f 
the  -hip* ; Once the weight reaches . the. c r i t i c a l  le v e l ,  where 
the r e la t iv e  d isad v an tag e-fo r th e  e re c to r  -spinae has been 
reduced,. by reduction o f  the le v e r  am  ’&f  the weight l i f  te d , 
lumbar -extension-can commence* -Davis, Troup and' Barnard 
noted t h a t  th is  delay  in  - lumbar ■'■extension may l a s t  alm ost 
throughout th e  l i f t  when very large • w eights. ere being handled*
jERplanatioa' of connotations' #~
A# Variables.
X Weight :■
. 2*:-;' : E rec to r spinae '
3* EKternal'' eb licpe  \  '
. 4« in^rsHaM omiaal' pr©s0we* •.
B* -The po in t between the v a r ia b le s  in d ic a te s  th e - 'p a r t ia l
■ -correlation between' the- v a r ia b le s  on the  l e f t  hand'
v s id e  o f ■the po in t holding th e -e f fe c t  of v a r ia b le  ■ '
o r v a r ia b le s  on-th e  -right.'hand s ide  of the p o in t 
. . constant* ' :
e*g* r 12*3 vie the p a r t ia l ' c o r re la t io n  -' between : the  w eight •• 
and e re c to r  sp inae ac tiv ity - hold ing © eternal oblique a c t iv i ty  . . 
constant*
0* ■ *** ' P < 0*001
V V -*  0#Q1'.: ■ :
■’ ' p  < 0*02r
* . p < 0*05
lOfBi. H e a r t 'ra te  has been .excluded from the c a lc u la tio n  
anl an a ly s is  of the p a r t i a l  c o r re la t io n  c o e f f ic ie n ts  as th i s  
v a r ia b le  is  incapable o f a ffec tin g , any other-"parameter recorded* 
F u rth e r * i t s  being su b je c t to  v a r ia tio n s  due to  p sych ologica l 
fa c to rs  and occasional delayed re a c tio n  during th i s  
■intermit te n t  ’ ex erc ise ' ©ay suggest s i s  loading' .'-conclusions*'
f a b le  74- • allow ing stm p le  c o r r e la t io n  c o e f f i c i e n t s '  and' 
' .p a r tia l c o r r e la t io n  c o e f f i c i e n t s ,  betw een  w eigh.# a n d . 
■e r e c to r  sp in ae' hold lo g  _ one and two v a r i a b l e s : c o n s ta n t  
i n  m ales/ and f e m a le s /- .
■ Hales.-.'.'
Fhase Variables _ .De ak .; . " Plateau Average''
r12 0.989***' 0.943*** . .. 0;974##^
tip ri 2  ^3 0.961 0.896**
r12.4 0.894** -0.575 0,229
;’.-ri2 .34-
JULm-
0.826 —0.186 0.138
'r12..:- , 0,990 0.987*** 0.991***
Down r12 .3
### ’■ 0,936 . 0.927*** 0.981***
r12.4
■...
: 0,859 ■ v- 0.281 0.767*”
r1 2 .34 0,603 0.319 0*616
Females . ■ ■ ■ ■ . ■ :
B a sse  -' : V a r ia b le s , -Peak Plateau ' A verage ■
*12 0,871* 0.623 0.791
tip:;'/:' ; ■■ r i2 .3 -0 .221 0,453 -0*242
*12.4 .
#** • 
0.953 0,904* 0.916
r12.34 0.811 0,926 0.712
CVJ
hH 0.815* 0.579 0.897
.Down.- . r12.3 0.340 0.619 0.753
r 12.4 -0 .452 -0 ,0 3 0 0.112
rl2*34 -0.995** 0,834 -0 .155
' Dimple c o r re la t io n  between' the weight; and e re c to r; 
spinae.' activ ity ..''In . males', i s  '''s ig n if ic a n t a t  the 99,9$ le v e l"
■ both  in  . the l i f t - u p  and . the ■ l i f  t-dow nphases, ■ fhe • 
s ig n if ic a n c e  ■ le v e lso f  p a r tia l-c o rre la tio n .-o o e ff ic ie n tB  ■ 
holding the e f f e c t  o f e x te rn a l  o h li tu e s ,c o n s ta n t a r e .s im i la r  
except in  the p la teau . o f  th e ' l if t-u p .p h sse *  ■ However * ..holding
'th e  e f fe c t , o f in tra -abdom inal .pressure constan t the 
•s ign ificance  drops considerab ly  in ' both phases. Having 
removed the, e f f e c t  o f  the e x te rn a l ,.ohli<|€tes an d ' in tra-abdem ina l 
.p ressu res-the  .-p a rtia l. 'C o rre la tio n ''Is  e ig n if le a n t  only during  
the .peak o f the. ; l i f t  up phase to  a le v e l  o f 98/* ' 1m s i n 
the composite; situation '/w hen a l l  the  v a r ia b le s  .are p loying 
th e i r  role*; e re c to r  sp inae seem s,to  be to t a l ly  dependent. . 
upon and h igh ly  c o rre la te d  w ith  'the magnitude o f the  w eight, 
■fbis: p icture, i s  ..-not appreciab ly  a lte re d  by  the  removal, o f -, 
th e  e f f e c t  o f  e x te rn a l oblique which; c le a r ly  shows .th a t; the ;
.- external^ oblique-.: does no t .a f fe c t the' ro le  o f e re c to r  sp inae ; 
s ig n i f i c a n t ly , . ; 'Howeverf the removal o f  the' e f f e c t  o f th e  
in tra-abdom inal p re ssu re .has. a  d ra s t ic  consequence, . Under
■ th i s  s i tu a t io n  .the - c o r re la t io n  i s  very  s ig n if ic a n t ly  reduced - 
meaning thereby th a t  a considerab le  p a r t  o f .the c o r re la t io n  . 
between the  e r e c to r  sp inae a c t iv i ty  and the w eight i s ' 
a t t r ib u ta b le  to  the r is e s  in  in tra -ab d o m in a l.p ressu re , l a  . 
o th e r  words* the p ro p o rtio n a l c o n trib u tio n s  o f  e re c to r  
sp inae .- 'ac tiv ity  and in tra-abdom inal .pressure v a r ie s  
.considerably  in  d if fe re n t  a c t i v i t i e s ,  . Floyd ana S ilv e r '(1 9 5 0 a )  
and Bearn (1961) found th a t  ra is in g  the' in tra-abdom inal ' -
. pressure, causes ;a synergic c o n tra c tio n  o f th e  e r e c to r  sp in ae , -
•The.',present an a ly s is  bears th is  :• out-*-•
. However* - i f . the e f f e e i ro f  both  ’ the v a r ia b le s  rare' removed 
i t  seems; c lea r  that the magnitude ;of-..the. .peak of a c t iv i ty  o f, 
th e  ,;.erector spinae in. the upwards' phase I s  g re a tly  'influenced 
by the magnitude of th e 'weight* ee i s  to .be expected of the ■ 
exten sor,of the spine concerned -.in .bringing the trunk  u p rig h t 
.while carry ing  the weight-with; it*: ' Paring .the ’peak down ; 
phase, the "e o rre la tio n . f ig u re  'f a l l s  .to reach' a c r i t i c a l  le v e l .  
T h is-is  to .-.he expected fo r  two reasons? f i r s t ly *  the w eig h t' 
i s  carried in. a d ire c tio n  where ..gravity . is  'helpful*  • and - 
secondly*"flexion of th e  spine involves' f a r  le s s  -a c tiv ity  of . 
the e re c to r  spinae* ; .
The' lack  of - c o r re la tio n  • in  th e  pM eau '' phase' -may .mean, 
one o r both of two , things*. ;In ..theVlift-up phase, the p la teau  
o f a c t iv i ty  of e re c to r  spinae .may be concerned w ith  
m aintain ing  the v e lo c ity  imparted during th e , 'in i t ia l ,  
a c c e le ra tiv e  phase * - and. In  the lif-t-d  own phase; the s im ila r , 
p la teau  may be concerned w ith  c o n tr o llin g •flexion* - In  n e i th e r  
case:- would' g re a t  a c t iv i ty  be; requ ired  * - .and .'-.it seems. u n lik e ly  
th a t  they, would be s ig n ifica n tly ' affected ; b y  the -magnitude 
o f the weight* - A lternatively.* th e-d eclin e in  intra-abdoisinal 
pressure follow ing the i n i t i a l  la rg e  effort-may - be-accompanied 
s ig n if ic a n t ly  by a p a r a l le l  reduction  in  the synergic 
co n trac tio n  of-erector  spinae*
In females the c o r re la tio n  c o e f f ic ie n t  i s  sm alle r than  
• in  - the. male se rie s* , and - i f  i s .. l i k e l y 1 th a t, . th is ' arises., from.- , 
the. sm allness of the female - sample*;.. Even -.-..so*; With .peaks • 
of, a c t iv i ty  a  s ig n if ic a n t  c o r re la tio n  can be ,ob ta ined  between 
e re c to r  spinae' a c t iv i ty  and the magnitude o f the - w eight* .
Table 75 showing. simple c o r re la t io n  c o e f f ic ie n ts  .and ■ 
p a r tia l '''c o rre la tio n , c o e f f ic ie n ts  between weight and '
■ awnwioi'iwiii^wwwnmM .
ex te rn a l '..oblique. ac tiv ity -: hold mg one and :two variab le© ; 
constan t in:.xnale©.-and . females* ,
■Phase' .. 
BP
V ariables.
r13
*13.2,'..
r13.4
*13.24
.Pealc..
O.B55
0.817"
; . .0*854** ■ :,
' ■ 0 .7 5 p \;  :
"■■''Plateau '
' a t" 0*933r' 
■;0.875**.:. 
:' '0*732 ■' 
0.574
Average
_____■*:■■■0.921
0. 752*“
0.818**
o.Soe*-
■' r13 : 0.943***' ’ 0.967 ' • • ¥>¥;• ;■ "0.911 ,
Sown ■ r13.2 ■•If"*0.773 ■Sf*"*
’ r13i4 -■ 0.851*#;‘ ; 0.827 0.877•VI*“13.24- ' 0.575 0.834 0.808*""
Females
:
Phase' V ariable 8 ■Peak:.. P la teau Average
r13 ' ,0.903#~ . : 0.806 , 0.920"
Vy ■ *V»*13.2 0.526 / 0.738 . 0.773
*13^ 4 . 0.884* 0.503 0.825
: r13.24' -0.447 ;0.651 0.137
r13 0.871*.; 0.128 0.742
r 13.2 0.602 0.295 0.026
'-> Down
r 13. 4 -0.809
. ■ At'At. -
0.933 ' 0.359
V ' ' - r 13.24 -0.998** 0.998 0.373
Simple c.orrclation"betw een; the magnitude of "the weight .'
'end the a c t iv i ty  o f  the ex te rn a l.'o h li^u e  in  males I s  ;■
: highly. s ig n if ic a n t  {p*'<*'0OX), ,HoMing the  o f fm b : o f : the 
e re c to r  sp inae 'constan t the p a r t ia l ' c o rre la tio n ?  although 
. s l ig h t ly  .re&ttce&v remains h igh ly  s ig n if ic a n t*  .and the.sam e , 
i s  .true when the- -intra-abdom inal • p ressure ' i s  h e ld  .constant*'
Since c o n tra c tio n  o f the  e x te rn a l ' oblique • muscles i s  • l ih e ly . 
to  co n trib u te  to  the increased; in tra-abdom inal pressure* and 
.abdominal. p ressu re  • changes c o r re la te  w e ll w ith  the magnitude 
'-of the W eight, th i s  fin d in g  :i s  to  be expect eel*
I f  .th e  e f f e c ts  o f .a l l  o th e r-v a ria b le s  a re  •removed ;the •' 
p a r t i a l  c o r re la t io n  between th e  w eight a n t 'e x te rn a l-  ob lique 
a c t iv i ty  remains ■ s ig n if ic a n t.a t tin ea , o f peah .a c tiv i ty  an t 
when average a c t iv i ty  of .the l i f t - u p  phase i s  -considered*; nmd 
Is  also  .s ig n if ic a n t when considering  tbs: p la teau  and average 
a c t iv i ty  in  the lift-dow n-phase* ’ f h is  fin d in g  dem onstrates 
that*  while the  e x te rn a l oblique m usc les ' are not the only , 
ones, concerned,: they .-'reflect, the a c tiv i ty , of. a l l  the  muscles . 
o f the ■ abdominal; w all .concerned w ith  c o n t r o l .,o f  in tra-abdom inal 
p ressu re  in  th i s  a c t iv i ty , ;  and con tribu te- to . th is*  . .-.The Xacfc 
of a s ig n if ic a n t  c o r re la t io n  ..in’. the p la teau  o f the l i f t - u p  .
. phase shows th a t  a c tiv ity , does not need to'-be su s ta in ed  after-, 
th e - I n i t ia l -  a c c e le ra tio n  o f th e  load,* and is.- thus not. • 
influenced by .increase in  weight*-- :
in  c o n tr a s t , : during  th e  lift-doW rr phase the - p a r t i a l  
c o r re la t io n  holding the  o th e r  .two. v a r ia b le s  c o n s ta n t . i s . , 
only s ig n if ic a n t  ’during .the pis teau  .phase and when, average . 
a c t i v i t i e s ;  axe considered* Thus, ' t h e , ra ised , in tra-abdom inal pressure
.-Table;, jg •' showing .s im ple ;-co rre la tion  c o e ff ic ie n ts -a n d  
p a r t ia l ,  c o r re la tio n  c o e f f ic ie n ts •between weight and ' - 
■ 1 atra~abdora 1 na 1 pressure  -.holding one •:and - .two • v a r ia b le s  
.constan t in  males and fem ales. '
' ‘ : ’"DleS- . "
These'
; vp
- V ariab les’- 
14
ri4.s; 
r14.3 
r14.23
■' Teak .
0.967
-0.590
- & A^ ■
0.835" 
>0.401 :
7 'Tlateau
' rf*7 ' '0.985
- 0.904-
7" '*hh*- 0.945 - '
. ' ;  0.691 '
-'Average" 
- - ■ ■ ,0.977
0.391
- 0.959***
, 0.556
rX4
Jst,
/ 0.963'  ;■.; - 4f -ft- yr■ 0.992 ■ ■ ■ 0,581***
liiown - rX4 . 2 -0.103 ' \ -0.665:' . -0.202 :
r14.3 -.
&
1 w . A.  A  ^^  w
0.905
- - ##*•• 
0.961.,;, . ■ : 0.973
r14.23 y:.■'■0*253. : 0,769*"* . ■■-,0*303. . .
fe m a le s '
These ■ V ariables V. .’-Peak; T lateau ■ A verage.
r14 ^  ■- ■ 0*9.79 »  . 0.967 46 4v 1$0.975
.■tip- •■■■ , _r14.2 
r14.3
■  ^*!?■; 0.992v :
■.yy;6.-975*^ .'': ‘
'0.990 .
■: 0.929*:,-:.
Oi989*“ 
.0,949***
r14.23 ' 0.991^:- 0.987**’ , 0.973*
r14 />  0.971** ; : ■-•■ - -§>■£- ' •0.-962, : - : 0,9.64**
Down ~14.2 ■ 0*930* ■0.942*” . '.,0,3,00 ,
'■y>'14.3 -,-O.S59. - f;. ■0.999 - • • : ,0 .9 2 8*
r14.23 4' 44 4t-.■ 0.9,99:' --0.999. . , 0 , 8 3 1  ,
observed.st 'the' beginning o f th is  movement does not receive- .
: a ’ p ro p o rtio n a l c o n tr ib u tio n  f o r  external 'oblique*, b o  th a t  here 
• there' i s  c lea r ly ;a .d isso c ia ted  a c t iv ity 'o f  .the abdominal 
' wall m uscles. ....During, th e ' declaration .of' the ■ weight I n  -the 
p lateau  -phase the .-.external -obliques presumably do c o n tr ib u te  
to abdominal -.pressure 'control* and .are thus in fluenced  by 
..the magnitude .'of the ••weight. .
> In females the-vcorrelation is.much, reduced. • ;.This 'again, 
may w ell be due-to  th e  small s iz e  6 f the sample.
A high -degree::o f simple - correlation  between the
magnitude. o f ' the we ig h t , l i f  ted  and. th e " in t ra-abdominal ■ pressure 
generated both  during the l i f t -u p  and liftedow n 'p h ases ,ie  
evident in"-both - the. males and fem ales..; A p rogressive in crease  
'• in. intra-abdominalv pressure with increasing weights has been 
. re p o r te d ;by.•previous au thors (Davis* 1956? 1959 a * b$ 19641
.'B artelink* 1957?.-. .-/Morris* Due as and Bresler* 19.61 j- Bio and
'.:Wehn*. 1962)•* '•. The. opinions of, the majority o f workers in.
. th e .f ie ld  agree, that- the  ra is e d  intra-abdominal pressure. , 
helps to  s t a b i l i s e  the spine and takes a s ig n if ic a n t /
' pro portion':of th e  compressive s t r e s s  -away from th e  lumbosacral 
sp ine.;..
I t  i s  im possible to  consider the e f fe c ts  of in tra «  
abdominel pressure  changes in  l i f t i n g  w ithout re fe ren ce  to  
those of e re c to r  spinae and th e  ex te rn a l oblique m uscles.
This i s  so because the-.intra-abdominal.-pressure i s  a t o t a l ly  
dependent -variable* - fu l ly ..dependent on co n tra c tio n  o f the 
..abdominal-.wall* which ev id en tly  Involves e x te rn a l ob lique . 
a c t iv i ty .  As was' d iscussed .'in  T art I ,  i t  seems '.l ik e ly  th at ..•
' r i s e s  in . lntra~abdominaX pressure-.may be. evoked by- s tim u la tio n .
fa b le  W'.-- showing .simple, c o r re la t io n  c o e f f ic ie n ts  anS..-. 
p a 'r t ia l .c o r re la t io n '-c o e f f ic ie n ts ’-between' e re c to r  sp inae ’ 
and' e x te rn a l.o b liq u e  holding' one: and two v a r ia b le s  constan t' fjnwiainiiwin*,*! muiwuiywi ffirwr^m iimnywuii .vn.s. >■ yj . ***
in  males ::and ..females*":;' ‘ ■’
;■ ■ Kales > " -
Phase ' 'V ariables Teak- ■ ■ . P la teau Average
r 23 . ■ 0.918-
•  ^ ■## 
0 . 8 0 7 0.856**
r 23«!;; . >■ --0* 639 .■-0.611 -0.473
r23.4  \ ■■■;. 0*676- ;.v -0.655 0.139
; r23 .M ! ."-0*375. ■ -0 .420 0.015
■ ; r 23 ■
■ ' 0.924 0.936*** 0.866**
. !)o?m r 23.1 0.247 -0 .4 7 1 : —0 .6S0*
r 23.4 0.774*“ 0 . 1 3 1 0.606
*23.14.- 0.150 -0 .1 9 4 —0.2X4
- Femaleg
Biase , • V ariab le s . Peak. P la teau Average
M
*23 . . .  0 * 9 8 3 0.482 0.907*“
'Bp: r 23.1 ; v ; 0*931# '7 -0.045 . 0 . 7 4 5
. . ■ • ■ r 23.4' 0.965 0.268 0.871
/ ; •' ■ . , r 23.14 0.867 -0 .526 0.507
r 23 0.829* -0.187 0 . 8 2 1
■.;T)OWn r 23.1 0.418 -0.323 0.518
r 23.4 -0.155 -0.125 0.627
r 23.14
■~0*994 -O . 8 3 6 0.633
■ of :inyotatic : receptors*  and i t .  appears 'probable ' th a t  th ese  ''
■are located '.in" t h e e r e c to r  epi-nae* ' Howeverf the  ■ .p a r t ia l  
c o r re la t io n  he tween; the magnitude , o f 'the we ig h t handled-.and 
the in tra-abdom inal 'p re s su re ' g en e ra ted , ties 'been- ■ found to ■ be ■ 
o f : c o n s is te n tly  h igh 's ig n ifican ce ; in  :the .females* and of. le s s  
s ig n if ic a n c e  and le a s  co n s tan cy -in 'th e  male a e r ie s * .. -.in p a r t i a l  
c o r re la tio n  holding one v a r ia b le  constant* ■the le v e l  of 
s ig n if  icance la. .h igher when' holding . e x te rn a l oblique ■ co n stan t 
then  when .holding e re c to r  sp tnae constant* -fh is  might be ■ 
thought ■ to . suggest, th a t  , the In tra-aM om lnal p ressu re  i s  more 
in fluenced  by co n tra c tio n  o f e r e c to r : apinae than o f  the  
" e x te rn a l . obliques*-., and . lends more support to  the hypothesis 
th a t  e re c to r  spinae e f fe re n ts  ’ p la y . a' p a r t  in  co n tro l o f  the ' . 
abdominal p ressu re  in  p hysica l • a c tiv ity *
Simple c o r re la t io n  between the e rec to r, sp inae and th e  .-;:
e x te rn a l ob lique-during  stoop  l i f t in g  'is .-.consla ten tly  high- 
in. i.-the male.'.series* b u t 'i s  lo s s 's .lg n if le a n t , and. more, v a r ia b le  
in  the females* '■ '' However* th e  p a r t i a l  c o r re la tio n s  ho ld ing  
one - and two- , v a r ia b le s  cone t  an t are gene r a l l y ; im ig n i f  leant,* ' 
fh is  f in d in g ;in  the 'm ales may be/.explained by co n sid e ra tio n , 
o f th e '.a c tio n s  o f • the two muselee* '.. . ^ o r . s a ^ i t a l  movements. . 
o f the 'tran k  they  are  an tag o n is tic  -*, the e rec to r, spins© being 
ex tenso r and the e x te rn a l oblique* flexor*  However* during  
s to o p 'l i f t in g *  when the  s p in e ,i s  ■being, extended under .
'compress ive - s t r e s s » the  e x te rn a l ob liques * -; by. c o n tr ib u tin g  -. - 
to- a- r i s e  - in  -intra-abdom inal pressure*" are considered  to  be 
acting- as- extensors* 0!!tis being so* when .the-"effect o f w eight 
is--elim inated  th e  causative , f a c to r  is.-withdrawn atid-: as such ’ 
no ' s ig a i f  l e a n t ' p a r t i a l ' c o r re la tio n  can be e x a c te d * .."
.fable'?0 : showing aimple c o r re la t io n '.c o e f f ic ie n ts  and;- ;
p a r t i a l  '.c o rre la tio n  c o e f f ic ie n ts  between e re c to r  sp inae - 
-aM intra-aM om ixial -pressure holding one "and tw o-variab les
constan t in  males and- females*
:Hales ■■
Phase , V ariables ■" '/Peak' .: P la teau •.-Average
r 24 . . 0.983 0.979***: ■ ,0*990.
, m  ■ r 2 4 .i 0.385 ,0.862** . ''0 .797* ' V ■
r 24,.3 0.962 ,0 .965 0.964
r 2 4 .l3 0.328*” 0.814*” ,0.736*
. . .*24 , 0.976*** ^  ArtI**# ‘0 , 9 8 9  /
■ ■ **«• . . -0.992
■■■Bovm ‘ 24.1 -0.585 0.939 0 . 7 7 9 s
r 24.3 . ,0 ,932
■A? *AJ- At.
0.917 , 0 . 9 7 9  ,
r 24.13 -0o560 p,331.- : ; 0.550
■.•■females ,
these V ariab les ■ Peak" . .■ P lateau Average
r 24 0,760 0 , 4 3 0 O.C52
Up ; ; - . r 24.1 -0.915* ’ ’ - 0 *8 7 # —0.368,
‘ 24.3 -0.396 '.'.0*122 -0 .464
r 24 .l3 -0 .835. ' - 0 * 9 0 8 : -0 .768
r 24 0.889*” 0*609
■?£ •&0.920
r 24.1 0.711 0*232 0.458
DOW 11' *MV
‘ 24.3 0.592 0*999 0.844
r 24.13
**
: : pi-996 : -0 .826 : 0.593
. Simple correlation  'betw een ''erect o r ' spiaae a c t iv i ty  '
. apt ,the. in tra -aM o m in a l-p ressu re -d u rin g  peak, ’p la te a u : and 
average of both l i f  t~up ■ and ; .lift-dovm  phases: i s  highly.. . 
:e ig n if ic  a n t : (p. <C 0*001)*. - In  th i s  s e t ,  o f compos i t  v a r ia b le s  
the m tra^aM om inal p r e s s u r e , ' b e in g : the ,more..dependent- .
■ v a r ia b le , i s  ■ incapable o f a f f e c t in g ; e re c to r  -sptnae a c tiv i ty ?  
'converse ly  e re c to r  sp inae 'co n trac tio n  w il l  have a profound ' 
-e ffe c t 'o n  t h e .magnitude of' th e , intra^abdom inal p re ssu re , ; 
.■'However*-;the  'a c tiv ity , o f  both these, param eters i s  dependent 
upon, th e  .magnitude, of the,.’weight being l if te d *  . : .
'P a r tia l.  co rre la tio n *  h o ld in g 'th e  'e f fe c t  o f the external 
.obliques constant in  peak, .p la te a u . arid average of bo th  l if t~ u p  
and lift^doim  phases, .hash®. probability  o f le s s  than  0 , 0 0 1 * 
Ihus th e 'e x te rn a l  oblique -does no t in 'th e  'present s e t  up. 
s ig n if ic a n t ly  a f f e c t  the .generation .of in tra-abdom inal 
p re ssu re , a lthough, 7as shown e a r l i e r .  I t s  ■ c o n tra c tio n  - re f le c ts  
the con trac tion .,o f the  deeper m uscles, . -fhie. f in d in g  thus 
in d icates th a t .'external -oblique. has. other • part to  p lay  in  
t h i s  e x e rc ise , ' Holding, the; a f fe c t , o f  . the  weight c o n s ta n t, 
th e  p a r t i a l  correlation 'betw een , e re c to r  spines and intra~ . 
abdominal p ressu re  i s  reduced and .is s ig n if ic a n t  only -to the- ■ 
-9 9 ^ 7  le v e l  In  th e , l i f t - u p  phase in  the male s e r ie s ,  Ihe ■ e f f e c t  
o f e re c to r  spinae .a c tiv i ty  on the generation, o f.th e  intr©~ 
:©bd.omlnai p ressure i s  so profound th a t  the p a rtia l - corre la tion  
holding the .w eigh t and external ,oblique a ctiv ity , constant 7 
i s  a lso  h igh ly  s ig n if ic a n t-d u r in g  the - l i f t - u p  phase, ■ Such •
'a s itu a tio n  i s  'suggestive o f a con tro llin g  -influence o f the  
■erector spinas' on the  genera tion  o f - in tra^aM om ihal pressure, 
'and .adds further support to; the 7j)?ypothesis ".concerning e r e c to r  
spinae -stre tch  acceptor© and the part-they may p lay  in  co n tro l
of in trarab flom ina l,p ressu re ,
; In  .females the c o r r e la t io n ; i s  much -lower, than. in .'t h e - . 
males*; and .this' may ' w ell • have a r is e n  .from the- .smallness' o f  
the sample and the' ■ paucity  , o f  observations on ;any-one - , 
in d iv id u a l* ;-.'
Ike re la tio n sh ip b e tw e e n  the e x te rn a l oblique ■ and th e  - 
in tra-abdom inal p ressu re  is - ’c o n s is te n tly  .s ig n if le a n t  only-. .;
In the simple, co rre la tio n w h ic h : m f le o to v the  composite : . '- . 
s i tu a t io n ,  - S&ie - r e la t io n s h ip  should ^ be in te rp re te d  w ith  
cau tio n  since. th e : in tra«aM om inal\p rassure; i s  -a t o t a l ly  
depends a t  v a r ia b le  ■••profoundly infXueme ed ■ by., the we ig h t as w e ll 
as by 'e rec to r, spinao 'c o n tra c tio n * . '.fu r th e r ,  the e x te rn a l . 
oblique .is 'a lso 'd e p e n d e n t on the-.weight and s ig n if ic a n t ly  
influenced by e re c to r  spinae- a c t iv i ty  -.during stoop  l i f t i n g ,  
though norm ally the  two s e ts  o f muscle© are a n ta g o n is t ic , .- 
thus in', view ' o f - th e , absence o f any . s ig n if ic a n t  p a r t i a l  . . 
c o r re la t io n  - betw een ,these  -two v a r ia b le s  th e i r  apparent . 
c o r re la t io n  .Is  • due to bo th  of-them being se p a ra te ly  c o r re la te d  
t o ’- the weight, and: to  e re c to r  .spinae ..activity*. I n t  ra-abd om in  e l  
p re ssu re  may'Obviously-be a ffec ted  more by co n tra c tio n  of"', 
o th e r . abdominal muscles • than. the., ex te rn a l o b liq u es, '
fhe c o r re la t io n  between these two v a ria b le s  in  fem ales 
i s  s l ig h t ly  la rg e r  than ih-.-ihe males,, b u t :i n  view of -the - 
em ail number of female observations l i t t l e  con be deduced 
from t h i s ,  -
feble *19. ©bowing.simple .correlation c o e f f ic ie n t s ' and.. ; 
p artia l corre la tion " coeffic ien ts  between•external obl ique
. iiMiNiwwi»M^«inriM>iiM<<ii<i>i»wwiiii>irii immi MirffllfTTiTimrt
and tiitra-aM emlnal pressure "holding: one end two variab les  
constant In  males' and .femalea*
..■■■ Males - ::
Biase ' /Variables Teak /P lateau Average
; r 34 0 . 8 8 1 *** 0*888f# * 0.850**
tTp r 3 4 .I -0 .559 —0*494 ; —0*603
r 34.2 -0.473 0.809** 0.048
' r 34.12 0.019 0.082 -0 .4 1 1
r 34 0,857** - 0.939**" 0.830**
Down *34.1 -0 .530 -0 .649 -0.761*“
34.2 -0 .526 0.252 -0 .459
r 34.12 -0 .563 -0.543 -0 .503
Females
Phase ■- : V ariable s Beak',. ■' Plateau Average
*34 0.816* 0.744 0.837*
vDp'. r 34.1 -0 .778 -0 .237 -0 .634
r 34.2 0.576 0,678 0.76S
r 34.12 0.511 -0 .562 ,0.040
r 34 0.555** -0.145 0.699
Sown r 34.1 0.935*" •Iflf-0 .993 -0 .092
r 34.2 ' 0.852 -0.039 -0 .238
r 34.12 0*999 -0.998** -0 .433
LIFT UP PHASE
Independent
WEIGHT
Variable
More
Dependent
IA PRESS.
Dependent
ER.SPINAE
Variable
Dependent 
EXT. OBL. 
Variable \  Variable
Totally
Dependent
HEART RT.
. Variable .
LIFT DOWN PHASE
Independent
WEIGHT
Variable
More 
Dependent 
IA PRESS. 
Variable
Dependent
ER.SPINAE
Variable
Dependent 
EXT. OBL. 
Variable
Cumulative Effect of UP and DOWN movement
Totally
Dependent
HEART RT. 
Variable >
F ig. 95
Regression analysis!
Without exception..-'ail the  simple regressions
c a lc u la te d  f o r  peak*- p la teau  and average of l if t~ u p  and ' 
'lift~dow n Rioses o f each-'.variable, on the  o th e r  was- ■: 
s ig n if ic a n t#  She' ■ regression  eharg (fa b le  ^  - .suggests th a t  
-the g ra d ie n ts  o f the  regression l in e s  f o r  upward and downward 
l i f t s  are- vary  ■ s t e l la r , ana .thus re g re ss io n  .l in e s  a re  
v i r tu a l ly .p a r a l le l s  She a c tu a l values o f t h e  various - 
param eters recorded "during the  experiments* however* show 
th a t  th e  values f o r  t h e : Sowimard l i f t ; : a re  always sm alle r 
than those f o r  the upward l i f t  except for. the  ease o f h e a r t  ;
: r a t e  changes* P h y sio lo g ica lly  these  observations' a re  
■consistent as in  th e  l i f t ^ u p  p h ase /su b jec ts  have ho work 
ag a in s t 'g rav ity*  -whereas ■in; the  llft~dcfm ' .phase/’the  e f f e c t  , 
of g r a v i ty  reduces the amount o f ./work needed* H eart r a te  
however increases-'g radua lly  and r e a c h e s / i ts  peak a t  th e  end \  
o f - th e ' a c t iv i ty * ; fhus the t o t a l  ex e rc ise  must be regarded 
as cum ulative as f a r  as c a rd ia c  demand / i s  concerned* .
■"/' She t o t a l  'of bod ily  movements ' i s . the : same w hether the  
weight i s  being l i f t e d  o r  -lowered*■ and - the- only d iffe re n c e  
concerns :-tfce--effects o f gravity*  2hus, i f  th e  e f f e c ts  o f ■ 
-g ra v ity  were removed, one would expect the various ia ra m e te rs '.
. .to; reach  id e n t ic a l  levels in  th e  two movements* Ih is  can . 
be., probed by comparing the  in te rc e p ts  o f the  ■ re le v a n t re g re ss io n  
l in e s * .. I f  .th e re  i s  -an ■ in s ig n if ic a n t;  d if fe re n c e  'between 
: I n te r c e p ts . the, l in e s  .-will ;be co inc iden t .and a common reg ressio n /' 
- lin e  f o r  .'.both, a c t i v i t i e s  can be ..described#’' / .’•■■.
X nterc© pts, o f the -..regression l in e s  (f o r  up and'. down ' 
movemimt)' o f , e x te rn a l; oblique on -weight and in tra -a b d o m in a l. 
p ressu re  :■ in  peak, plateau'-and average a c t iv i t i e s  are. 
v i r t u a l ly  s im ila r ,  fnose reg ress io n  lines-m ay th e re fo re  
be/,considered /to 'hu  .coxneidehtal* and one can deduce that*, 
.’a p a rt from the e f fe c ts , o f g ra v ity  an eq u a le ffo rt.■ 'is_'reqiu ifed  ' 
f o r  these  /two- movements#"r-. In  coat^ai w* the in te rc e p ts ' o f  th e  / 
reg ressio n , l i n e s 'f o r  © rector sp inae on weight d i f f e r  
s ig n i f ic a n t ly ’ in  the up. and down movements* ihua th e se  
l in e s ,  though.--parallel*-■ 'a re /s ig n if ic a n t ly  d i f f e r e n t ,  l l i i s  ; 
-c learly , occu rs 's ince --exac to r 'U p lhae /is  an extensor* a c tiv e  
during ex tension  hu t s i l e n t  o r le s s  .active during  flex ion*  -o
' a x x a b  B o ^ i i X H a ;  i i i m / ■.  , / - ' -  ' / -
- During a x ia l  /loading'and l i f t i n g  .the electrom yographic 
a c t iv i ty  o f the  e reo to re s  spina© appeared:%© sh o rt i r r e g u la r  
h u rs ts  . unrelated- -to . phases- o f a c t iv i ty ,  -and were nowhere • 
su s ta in ed  i n . d u ra tio n . In  gen era l the magnitudes of. -these ’ 
/bursts, o f - a c tiv ity . 'c o r re la te d ' s ig n if ic a n t ly  w ith  th e  'magnitude 
o f the -weight* - - I f  th e re fo re  - seems .-likely: th a t  the  e re c to re s  
. spinae during the ex e rc ise  are  only - concerned -with p o s tu ra l '' ■' 
ad justm ents, and no t d i r e c t ly  w ith  w e ig h t-ca rriag e . Such- 
/ad ju stm en ts .w ill req u ire  g re a te r  m uscular a c t iv i ty  w ith  
increasing  w e ig h ts .1
■ fhe f i r s t  phase -.of /the. ex e rc ise  in c lu d es-ex ten sio n  o f. a  • 
-s lig h tly , f le x e d 'sp in e . ;AH In d iv id u a ls  showed some s c t iv x ty  / 
o f e x te rn a l oblique, a t. th i s  time* h u t the  a c t iv i ty  did. n o t - 
c o r re la te  s ig n if ic a n t ly  .w ith th©  magnitude of the w eigh t. - ' 
th i s  maybe due e ith e r , to  o p e ra tio n ;o f the  abdominal p r e s s u r e .
mechanism to  h e lp  ex tension  of a  laden  sp ine  o r  may be .
' duo 'to  the  process o f  s l ig h t  h y p e rex ten e io h ;w h ich ac tiv a te s  
' th o se ' m uscles, - o r  may be .due to. both  fa c to rs* ,/ She a c t iv i ty  
o f  th e  e x te rn a l oblique observed towards the  end o f , the  .
ex e rc ise  may be .associa ted  w ith  th e  prevention  o f excess 
-spinal f le x io n -a t  t h i s  .time* ■'
■mb mmmms /  . - . : : ■■ ■
, Cons id a rab le  ao t  iv i ty  o f the e re c to r  spinae during  
the  bar- ex e rc ises  vim evoked I n  'th e  r is in g  .phase* $he 
e f f o r t  to  'r i s e  and ch in  the  b a r  involved a degree o f  
hyparbx teu tloh  ;o f th e  sp ine in . a l l  cases,"- I t  was noted th a t  
th e re  was -a 'gen era l'-o o n trac tlb a  o f many o r  a l l  muscles 
o f th e  body in  many cases in  th i s  p a r t ic u la r ly  -d if f ic u lt  
exercise*  ‘A g re a te r  a c t iv i ty  may have a lee  been caused 
due to  the  need f o r  - e re c to r  spinae / to. co u n te rac t the' f lex o r . ■ 
fo rce  a ris in g - from c o n tra c tio n  of, laiiB sim us d o rs i  du ring  
the r i s in g  phase*- .
& e sporadic/ .a c t iv ity : observed when hanging p a ss iv e ly  ' 
from the bar Wee•/attributed  to the a ligh t, swinging o f the  
suspended trunk#- During the .third p a r t  o f ' the  ex erc ise  .the >/’ 
terminal a c t iv i ty  was a t t r ib u te d  to  m ten s io n  o f -the le g s  ’ 
and .trunk from the flexed  hip  position*.. : la . view'of. the. 
f a c t ' t h a t  an enormous physical e f fo r t  i s  requ ired  ■ to  perform 
'th is  exercise  the f in d in g  th a t  :the a c t iv i ty  o f the  "erecto r , 
splnae was d isp ro p o rtio n a te ly  em ail even/though the  spine;."  
undergoes a degree of. hyperexteuslon,. suggests th a t th e  
erectores s p in a e :do not -contribute s ig n if ic a n t ly  t o .these  
movements*-//
■, 'Baring the r is in g  phase ex te rn a l oblique a c t iv i ty  \ 
accompanied sp in a l s p a r e r  tens ion and may "have been, due -to 
s t r e tc h  re f le x  or, to  the general .increase in  muscular 
a c tiv i ty  ;a t  th is  time* " - Paring" the .hanging 'phase sporadic 
a c t iv i ty  occurred during the .knees-up .• phase, '.and was 
presumably -associated  w ith  t h e ;lumbar -flexion w hich.. " 
accompanies h ip  flexion* Ihe complete quiescence during  
h ip .ex ten s io n  adds.weight; t o ' t h i s  argument*. ..
- Ifo . s ig n if ic a n t:  change in  In tra-aM om inal p ressu re  . 
'occurred during; the .hanging phase, o f the: exercise* Ihus 
■simple stre tch in g - of the, 'opine eeerns to  have l i t t l e  
in fluence  on. - th is  parameter* P aring  -the r is in g  ...phase' a 
considerable. Intra-abdom inalpressure :;r i s e  was' encountered* 
In  th is  phase .a massive c o n tra c tio n  o f th e  latisB im us d o rs i 
muscle i s  involved?, c re a tin g  a su b stan tia l • flex o r  --force- 
which / was c le a r ly  re s is te d  by the e re c to r  epinae j thus 9: , 
the m yo ta tie .hypo thesis  would ex p ec t' a r i s e  in  in tra -  
abdominal' pressure, a t 'th is  time* A low susta ined  rise' in  
the 'ihtra-'abdominal pressu re  during the knees-up -phase . 
coinciding w ith ex te rn a l' o b liq u e .a c tiv ity  a n d .la s tin g  t i l l  
its^electrom yographic a c t iv i ty  had ended suggests i t s  \ 
dependence on th is  muscle* C learly  during  the, process of 
h ip  f le x io n  these  muscles c o n tra c t and as w ell as help ing  
to  f le x  the lumbar spine? ra is e  the pressure in the abdomen
bote GLimim. - ■■ -i : ; - . i  ■■■v'. .', . . '...
fih is  exercise '-.-Involved.v igorousphysical a c t iv i ty  '
and no. d iscern ib le'p attern  of behaviour emerged fo r  e i t h e r
o f  the two .muscles o r the intra-abdominal - p ressure * lliis, ■ 
ex erc ise  i s  an.unstandardised. procedure 'without' any -fixed 
.sequence of movements* ' nevertheless?  in  a l l . th ree•.*parameters'.
. a high. le v e l of .-sustained a c t iv i ty  was. .record eel ?. and b r ie f  
superimposed peaks. of a c t iv i ty  were observed' a t  i r r e g u la r  . 
'intervals*/ • ■ Alternate ••eccentric . spinal-, a t retch in g ' and’
' hypefextension counteracting , the flexion.-.component o f the; .•/■ 
la tis s ira u s  clorai. muscles...during  the rising- phases .to g e th e r.' 
w ith .- irre g u la r leg  movements in  a very d i f f i c u l t  exercise .
- presented ' a. -complex s e t  -of 'stresses* While eccen tric- sp in a l - 
. hyperextension. together with' anrintense e f f o r t - to  r i s e  
must have created, a la rg e  f le x o r  fo rce  to 'b e  .overcome'; by 
the e re c to r  spinae and -have re su lte d  in  the considerable. 
a c t iv i ty  of both e re c to r  spinae and e x te rn a l oblique and the  
ra ised  intra-abdominal, pressure? lack o f standardisation g 
prevents the drawing of any firm . conclusions from ’the d a ta  '
. obtained* '
Ihe e re c to r  spinae was not s ig n if ic a n t ly  involved 
during th i s  exercise* ' She ex te rn a l ob lique ' muscles co n trac ted  
. vigorously* • -..As’ Is  w ell known?;' h ip  f le x  ion .can only occur "■ 
adequately' in  th is  movement when the p e lv is  has been 
s ta b i l is e d  by abdominal muscle contraction*
ihe considerable in creases in  iiit re-abdom inal p ressu re  
observed are a t t r ib u te d  to  th is  abdominal w all co n trac tio n ?  
.and cannot in. th is  in s ta n c e -b e 'a sso c ia te d  w ith  m yotatie 
e f f e r e n ts . from the in ac tiv e / e re c to r  .spinae ' group* flh u s , i t  
••Is •possib le th a t  myotatie a ff e rents-from , o n e .o r.-more o f the
. m uscles'o f. the , an te rio r , abdominal w a ll may. a l s o 'r e s u l t .
.in e r e f l e x . p ressu re  rise - In c e r ta in  circumstances*
s c s m m n a  ‘ ; -  ■
<i)arisg s q u a ttin g .- th e -a c tiv ity  o f th e ■ e re c to r  spinae 
was - c o n s la te n tly  s l ig h t ly  -delayed • u n t i l  a f t e r  -the. beginning 
of th e  e x e rc ise . '■ ■ She;-magnitude. o f ; a c t iv i ty  ■ was .s ig n if ic a n t 
■but no t considerable* - Shis s l ig h t  d e lay ed '-ac tiv ity  was ' 
.associa ted  w ith  ‘the. forward in c l in a t io n ,o f  ■ the,, tru n k  7 
■required to  m aintain ,.balance• during  t h e • ex e rc ise * , •-Equally* 
a. degree .;o f  .e rec to r -.spinae a c t iv i ty  was asso c ia ted  ■ w ith  
resumption, o f .the. u p rig h t posture.*. In te rn a l-o b liq u e . .
■ a c t i v i t y  was- very  sm all a t ' any - time*. - . .
Vetjp' sm all in c re a se s  -in-'' in tra-abdom inal' p ressu re  in  \
th e  f u l ly  sq u a ttin g  postu re  may w e l l :be; 'a t t r ib u te d ; to-' 
pressure'on' the'abdomen by th e ; thighs;.
m m s  itp '. , ;
■ D reetores sp inae a c t iv i ty  i n : t h i s  ex e rc isew as .red u ced  
beforehand a f t e r  the process .of h y ^ rex ten sio n g . a t  these  ;
• tim e s : the, trunk' is  balanced by th e  h an d s" and . leg s  and .no 
a c tiv e  sp in a l ex tension  i s  required* However* during  
.hyperextension* e re c to r  spinae .a c tiv ity  was c o n s is te n tly  
recorded w ith  a sh o rt liv ed  and. email peak* - Once the 
i n i t i a l  s l ig h tly , flexed  posture was resumed* e re c to r  sp inae 
a c t iv i ty  d ied down*
She e x te r n a l oblique© remained '.s ilen t  when th e trunk  
-w-as"lowered-.by f l e x i n g • th e  elbows and a lso  when i t  was ' 
hypeTgrtended*- at' th e 'time th a t  th e . trank was 'supported 
by h a n d sa s  w e ll ie s '  fe e t*  ;"However*' when s ta r t in g  to  rega in  
■the o r ig in a l';p o stu re f e x te r n a l ob liq ue a c t iv i t y  m m  
assumed* presum ably; a sso c ia te d  w ith  the i ia e e s s ity  for'-truak' 
f le x io n  w hsa-'elevating the -Mps» ■
The g r a d u a l  r i s e  i n  i n t r a ^ a M e m in a l  p r e s s u r e . . .w i th . - th e . 
o n s e t  ..of ■-.aplnal s x t e n s i o n : r e a c h e i .  -a  p e ak  - v a lu e  e o t m M t m  
w i th  -the e r e c t o r  s p in a e  ’peak*  , i b i e . h ig h , p r e s s u r e  w as • 
m a i n t a i n e d ;d u r i n g . t h e . f i n a l ;a c t i v i t y ; ’ o f  e r e c t o r  s p in a e  . . . 
a n d ..c o n t in u e d 1'w i th  th e .  s u b s e q u e n t  I n i t i a l  a c t i v i t y  o f  ' ' 
e x t e r n a l '  o b l iq u e *  there;., b e in g  a  f u r t h e r  ■ p eak  p r e s s u r e  
c o in c id in g :  w i t h  t h e  p e ak  o f  e x t e r n a l : o b l iq u e  a c t i v i t y * '  T u la  
a d d s  f u r t h e r  s u p p o r t  to - th e  -su g g est-icm  ' t h a t  th e  a b d o m in a l :- 
p r e s s u r e ' c o n t r o l  may ■ a r i s e  from " e i t h e r . g r o u p ' o f  m u sc le s*
m r n m
Mm u niform :a c t iv i t y  'pattern  o f ; the. e r e e to r  ..spinae 
during t h e s e : e x e r c is e s  c l e a r l y  dem onstrates i t s  r o l e  i n - ; • 
s t a b i l i t y  o f  the tru n k * ' In su ch 'a forw ar& incX inea or ■ 
:@toopihg "posture th e a c t iv i t y  o f  t h i s  group o f  m uscles  
in creased  w ith  the- p ro g ressiv e  load ing and decreased  during  
th e emptying phase*
■ ' The. magnitude o f  "the. intra^abdoininal -pressure c l o s e ly  
fo llo w s  the p attern  o f  e r e c to r  sp inae a c t iv ity *  'With 
.greater s t r e s s  i t '  c l e a r l y  fu rn ish es' a greater- - s t a b i l i s in g  1 -
e f f e c t  o n  t h e  s p in e  and  p re su m a b ly  s u p p o r t s  some o f  th e
. ’ ‘ - .. 
c o m p re s s iv e  f o r c e s *  I h e r e ' i s  how ever' o n e . s i g n i f i c a n t  ■
p o i n t  i n  th e  b e h a v io u r  o f  th e  in tr a - a b d o m in a l -  p r e s s u r e *
■the m a g n itu d e  -of p r e s s u r e  a t  ‘th e  en d  o f  th e  l o a d i n g  p h a se ':.
w as l e s s  th a n  t h a t  o b s e rv e d  when th e  s u b j e c t s  l i f t e d  t h e ;
f u l l - c a n  f r o m 'th e  ground-- t o 1--sta rt-.-th e ' .emptying", p h a se .
I t  seem s c l e a r  t h a t  t h i s  d i f f e r e n c e  i s  a t t r i b u t a b l e  to  t h e
g r e a t e r  e x te n s o r  e f f o r t  r e q u i r e d  to  overcom e th e  i n e r t i a
■of the" w a te r  l i l l e d  -eanf e - fh is . i s .  .c o n firm ed  by-- t h e  ■
s i g n i f i c a n t '- d r o p  i n - in t r a - a b d o m in a l  .p r e s s u r e  w h e n - th e  can
had  b e e n  l i f t e d  and w as b e in g  h e ld  i n  a s t a t i o n a r y  p o s i t io n * ,
t h u s ,  -rev iew in g  t h e  '- p i c tu r e ' o f  t r u n k ' m e c h a n ic s  t h a t  
h a s  em erged  from : th e ''p re se n t■ - 's tu d y *  one  m a jo r  f a c t o r  i n  
s u s t a i n i n g  s t r e s s e s  e n c o u n te r e d  d u r in g  s to o p  l i f t i n g  i s  
c l e a r l y  th e  l a r g e  ..magnitude o f  c o n t r a c t io n - o f  e r e c t o r 's p i n a e *  
S uch  a  c o n t r a c t i o n  s u b j e c t s  th e  lu m b o s a c r a l  s p in e  to  h ig h  
c o m p re ss io n *  'B r a d f o r d ’a n d ''S p a r lin g  (1 9 4 5 )  c a l c u l a t e d  a  
s t r e s s  o f  Xf 600 l b s  o n - th e  lu m b o s a c ra l  d i s c  i n  a  .p e rs o n  . ::  
h o ld in g  100 l b s  ,-30 ;ln e h e a - 'in  f r o n t  o f - t h e  d i s e a l  p l a n e  
b y  o u t s t r e t c h e d  a rm sI .M o r r is f L u cas a n d . B r e s l e r . {1 9 6 1 )  
c a l c u l a t e d  a  c o m p re s s io n  o f  2*071 l b s  o n  th e  lu m b o s a c r a l  
d i s c  o f  a  p e r s o n  l i f t i n g  200  l b s  14 I n c h e s  i n  f r o n t  o f  
th e  d i s e a l  p lan e *  S h e se  s t r e s s e s  a r e  f a r  g r e a t e r  t h a n  
th o s e  s u s t a i n e d  b y  th e  v e r t e b r a l  co lum n  i n  o s te o l ig a m e n to u s  
p r e p a r a t io n s *  Brown* H ansen  .and D o rra  (1 9 5 7 )  fo u n d  t h a t  
i n  v i t r o  th e  lu m b a r  d i s c s  c o u ld  e n d u re  a  c o m p re s s io n  o f  
1*000 to  1 ,3 0 0  lb s*  T h e  d i s c s  w e re  fo u n d  t o  f a i l  o n ly  
a f t e r  f a i l u r e  o f  th e  v e r t e b r a l  end  p l a t e s  and th e  v e r t e b r a l  
■bodies ' ( B row n*: H ansen  ' and D orra*  : 1 9 5 7 ; Sm ith*  1 9 6 9 )* . f h l s
?#ork- i s  su p p orted  b y  t h a t  o f  • l i e ; ( 1 9 6 6 ) • w h o  fo u n d  t h a t  th e  "
lu m b a r  v e r t e b r a l '  seg m en ta ' - f a i l e d ' w hen 'c o m p re ss io n ' exceeded.. 
6.50’-.Eg# " T h B B B  f a i l u r e  © treh gth b  o f  t h e  v e r t e b r a l  colum n . 
a r e  w e l l  b e  l e w  t h e  t h e o r e t i c a l  w t i ^ s e e a  Induced' b y ’ -.-stoop . 
l i f t i n g *  and  t h e  p n e u m a tic ' h y p o th e s ie /h la s  been- c r e a t e d  
- to  a c c o u n t  f o r  t h i s '  d i f f e r e n c e * .- I n  o r d e r ..to  endure-O uch - 
■high m a g n i tu d e ’o f  s t r e s s e s  th e  p r e s s u r e 's  o f  th e  i n t r a - t r u t i e a l  
c a v i t i e s ' a r e  r a i s e d *  and-'-in t h e  ‘p r e s e n t ’ s e r i e s ' t h e  
m agnitud e o f  t h i s ’ ''p re s s u re  i s  c l e a r l y  c o r r e la t e d  - w i t h  th e  
’ m agnitud e o f . th e  s t r e s s *  ' ; .S u c h 'a  r a is e d .'p r e s s u r e  i n  th e  
. t r u n c a l  c a v i t i e s  c l e a r l y  r e l ie v e ©  t h e  v e r t e b r a l  c o lu m n : 
o f  a  s i g n i f i c a n t  p r o p o r t i o n - o f ' s p in a l  c o m p re ss io n *  t h e '  
v e c t o r  f o r c e  c r e a t e d  by  th e  r a is e d  p r e s s u r e •may a l s o  b e  - 
.c o n s id e r e d  a s  a  f o r e s  t e n d in g  t o  e x te n d  th e  s p in e - f r o m  a  /  
f o r w a r d ly  in c l in e d  p o s tu re *  In  v ie w , o f  th e  enormous 
.com p ressive , s t r e s s ' t o l e r a t e d  by  th e  trunk- a t  l e a s t  p a r t l y  - 
• by t h e - a i d - o f  t h e  pneum atic, m echanism  i t  was th o u g h t t h a t  
th e- i n t r a ^ t r u n e a l  p r e s s u r e  r i s e  m ig h t w e l l  be  i n i t i a t e d  ; 
b y  r e f l e x ; a ffe r e n t©  f i f e d ' .a s  a  r e s u l t  o f  some m e c h a n ic a l  
. s t im u la t io n  d u r in g  © p in d  c o m p r e ss io n * . ’
' V e r t i c a l  • co m p ress io n  o f  an e r e c t  © pine : d u r in g  a x i a l  
- lo a d in g  a n d  l i f t i n g  and d u r in g  d e c e l e r a t iv e  c o m p re s s io n  , 
when s q u a t t in g  * h a s  n o t  b e en  fo u n d •. s i g n i f i c a n t l y  to  a f f e c t  
th e  i n t r a - a b d o m in a l  p r e s s u r e « I n  t h i s  e x e r c i s e  . t h e - c e n t r e s  
o f  g r a v i t y  o f  t h e  lo a d  and t h e  t r u n k  l i e  c lo s e  t o g e t h e r  ...
■ i n - a  v e r t i c a l  p la n e  and e x e r t  l i t t l e *  I f - ;say *  r o t a t o r  
to r q u e  on t h e  v e r t e b r a l  colum n*' . T h m  no torque e x i s t s *
and -th e  m a g n itu d e  of. e o m p re a s io h  developed .. b y  the! w e ig h t  
i s  v e r y .  s m a l l  -co m p a re d /w ith  the , f a i l u r e ,  . s t r e s s ,  of. t h e  ., 
lu m b ar, s p i n a l  e le m e n ts * " v ia  -a -b a la n c e d  .u p r ig h t  p o s tu r e ;  ■ 
m u scu la r-  e f f o r t  ' i s  m in im a l; a n d , ,m  .has, :b t e n  .su g g e s te d , ■ 
e a r l i e r *  t h e p r e s s u r e : m echanism - m ay; h a v e ;.a  ■ r e f l e x  c o n t r o l  
a r i s i n g  fro m  - m u s c u la r  - te n s io n , ,  i n  t h e  . e r e c  t o r . s p i n a e , a n d /o r  
th e  • a b d o m in a l 'm u s c u la tu re *  • t n  t h e  • e x p e r lu e  n ts . l a  w h i c h ,
■ an  ^ in c r e a s in g  ,-load-w asvap^ L ied;to . s u b j e c t s  i n  a  s t o o p i n g  . 
•p ostu re  * t h e  abdom inal .p r e s s u r e  , and  o t h e r ' r e s p o n s e s ' o b ta in e d  
w ere i d e n t i c a l  t o  t h o s e  s e e n  , i n ; s t o o p  l i f t i n g * .. a l th o u g h  
-they- w e re  - .sm a lle r  i n  m agn itu d e* ; /B ile  d i f f e r e n c e  i s . a c c o u n te d  
f o r  b y  t h e  n e ed  i n  s t o o p  l i f t i n g  .to  a p p ly  v e r t i c a l  
a c c e l e r a t i o n ,to  / th e  ; load*, and  th e  m a g n itu d e  o f  th e  d i f f e r e n c e  
c l e a r l y  . r e f l e c t s  . t h i s * . However* th e  d i f f e r e n c e s  i n .
.m ag n itu d e  o f  the; co m p re ss io n  i n  ■ th e . v o r t i c a l  c o m p r e ss iv e  ■. 
- e x p e r im e n ts  a s .compared -w ith  t h a t . l a  th e  s to o p in g  p o s tu r e ' 
e x p e r im en ts  i s .  v e r y . l a r g e ,  and , i t  may w e l l  b e -  t h a t  an  .in .t r a -  . 
.a b d o m in a l,p ressu re  r i s e  i s  o n l y 'i n i t i a t e d  when s p i n a l .  .
■ c o m p r e s s io n . ex ceed s  a  • c r i t i c a l  l e v e l*  ,
■ /- : C on cen tr ic - 'and - e c c e n t r i c  s t r e t c h in g  o f  t h e  - s p in e  '
• d u r in g  ..b a r .-r is in g  , and ;ro p e  c lim b in g -h a v e  evoked  i n t e n s e  
• a c t i v i t y  i n  e r e c to r . - s p in a e - a n d  e x te r n a l ' 'o b l i q u e . - a n d - l a r g e  
.p r e ssu r e  / - r is e s  i n  -the  -abdomen. However* ■ s t r e t c h i n g ,  o f  t h e  ; 
s p in e  a lo n e  a s  o b s e rv e d  d u r i n g - b a r  h a n g in g , w as n o t  
-acco m p an ied , b y  p r e s s u r e - r i s e s  or, m u s c u la r  a c t i v i t y *  C l e a r l y  
: i t  i s  n o t  t h i s  -. s tr e tc h in g -  o f  t h e  s p in e  -w hich i s  r e s p o n s ib l e ._■ 
f o r  ■ t r ig g e r in g - ; t h e s e :  p a r t i c u l a r  a c t i v i t i e s .  C o n tr a c t io n  
o f  t h e  l a t i s a i i m t s ’ d o r s !  m u sc le s ; d u r in g  b a r  r i s i n g  and -ro p e  :
c lim b in g  c r e a t e s  0  la r g e  . f l e x o r  - f o r c e  w h ich  i s /p r e s u m a b ly "
. c o u n te r a c te d  b y ' t h e  e r e c t o r  s p in a e  a c t i v i t y  'o b s e rv e d * "
B e sts ta n e e -  to- s u c h 1 a  f l e x o r  f o r c e -  c r e a te s -  c o n s i d e r a b l e ' :: 
s p in a l - c o m p r e s s io n  and •. t h i s  • h a s  /a lw ays, :b een  fo u n d  to .-  
g e n e r a t e : a  s u b s t a n t i a l '  p r e s s u r e  ’- r i s e  ■ i n  7 th e  abdom en. .: 
S i g n i f i c a n t  ' i n c r e a s e s ' i n  '■ in tr a -a b d o m in a l p r e s s u r e  w e r e . /- 
- a l s o : e n c o u n te re d  - d u r in g ' t h e " p r e s s  - u p  ;an& l e g  - l i f t i n g  'e x e r c i s e *  
W h ile  th e  p r e s s u r e  ' r i s e s  '-during: 's p in a l ..h y p e r e x te n s io n  in  
t h e  p r e s s  u p  a t e  - a t t r i b u t a b l e - t o  -: t h e  - p h y s i c a l - s t r e t c h i n g  " 
o f ,  t h e  - abdomen i n  a d d it io n :  to'-any- p o s s ib le  s t r e t c h  r e f l e x  
fro m  • th e  e r e c t o r  s p in a e  1-:t h e ; i n c r e a s e s  i n  i n t r a - a b d o m i n a l , / 
" p ressu re  observed:- w lB .n -resum ing  th e  f l e x e d  s p in a l ,  p o s tu r e  - , 
c o u ld  h a v e  o c c u r r e d ' o n ly  from- c o n t r a c t i o n  o f  t h e  - a b d o m in a l . 
'-m uscles* • - I n  l e g  l i f t i n g  o n ly  th e  .ab d o m in a l m u s c le s  u n d e rw e n t 
s t r o n g /c o n t r a c t io n ,  - and one m ig h t d e d u ce  . t h a t  th e  r ise s ,.. • 
i n  / - in tra ^ a b d o m in a l ' p r e s s u r e  o b s e r v e d ; a t  t h a t  tim e  © ay be 
a s s o c ia t e d  w ith  ■ a n t e r i o r  a b d o m in a l w a l l  c o n t r a c t io n *  However* 
i t .  m ust be ; p o in ted , o u t '  t h a t ,  i n  -th ese  e x e r c i s e s ,  w h ere  th e ., 
abdom inal p r e s s u r e  in c r e a s e d  t h e r e - w a s  a l s o  a  c o n s id e r a b le  
e le m e n t  -of .s p in a l  c o m p re ss io n *  -/She. h i s t o l o g i c a l  
 ^ i n v e s t i g a t i o n s  c l e a r l y  /n e g a te  th e -  h y p o th e s i s  o f. s p i n a l  
p r e s s u r e " r e c e p t o r s *  b u t t h e  r e p e a te d  c o in c id e n c e  o f  r a i s e d  - 
-in tra -a b d o m in a l p r e s s u r e  d u rin g  s p i n a l  co m p ress io n  i s  s t i l l  o f  
■ c o n s id e ra b le  s i g n i f i c a n c e *  N o n e th e le s s ,  s p i n a l  c o m p re s s io n  
. i n • n e v e r  th e  i n i t i a l  e v e n t  in -.th i© .o 'om flex  phenomenon,
■ i n s t e a d  i t  a lw a y s  f o l lo w s  t h e '  c o n t r a c t io n ',  o f  on© o r  m ore " 
g ro u p s ' o f  m uscles®  -. t h e r e f o r e  ' i t  .m ust be. s u g g e s te d  t h a t -  ; '
' p r e s s u r e ,  i n c r e a s e s ' i n ,  t h e  abdom en,/W hen in d u c e d  - b y  p h y s i c a l
e f f o r t *  i s  p o s s i b l y  ■’ under/-a  r e f le x -  c o n t r o l ' o f  r e c e p t o r s  
:i u  th e  m u s c le s  .-e i th e r .-o f  th e  e r e c to r , .sp in a e  g ro u p  of* o f  
th e  a n t e r i o r  .abdom inal’ w a l l  o r  b o th  g r o u p s ;  o f  th e s e *  
th e . f i r s t ,  c h o ic e  - i s  c o n s id e r e d :  th e  m ore  - l ik e ly *  .
: ' f h e  - k n e e s -u p ' and ‘s q u a t t i n g  e x e r c i s e s  s t i m u l a t e  a  ’ ■ / 
s p a t ia l '  i n i e r r e l a t i o n a h i p  b e  tween. - t h e  / t r u n k ' and: t h i g h s  ., • •
. s im ila r - ' to  t h a t  o f  s t o o p  l i f t " w i t h o u t  i n v o l v i n g ’ a  s i m i l a r  
a c t i v i t y ' o f  t h e  v a r i o u s  'p sra tse  t o r s  M e a s u re d  * ' ;
- B lu e ,  o a e  c a n  s a y  t h a t  t h i s  - w o rk  su p p o r ts  t h e  h y p o th e s i s  
' t h a t  , a  l ia i s e d  in t r a - t r u n c a l  p r e s su r e  o f f s e t s  the . h ig h  s p i n a l ' ;  
.c o m p re ss io n  w h ic h  wouM o th e r w is e  o c c u r  i n  s t o o p - 
l i f t i n g  and s i m i l a r ’a c t i v i t i e s * ' f t  show s , t h a t  th e  n e u r a l . "  
c o n t r o l  o f  t h i s  p r e s su r e  r i s e :i s  n o t  i n i t i a t e d  by  s p i n a l  ’"  ’ • 
a ffer en t© *  and. h a s  f a i l e d  t o  i d e n t i f y  th e  n e u r a i p a th w ays.- 
in v o lv e d * ' H ow ever, ' i t  "has in d ic a te d -  th e  p o s s i b i l i t y -  th a t" ,  
c o n t r o l  may w e l l ’be  c o n n e c te d  w i t h  m u sc le s  e f f e r e n t s  f ro m  
th e  e r e c t o r  s p in a e  group# b u t  f u r t h e r  w ork w i l l  b e  n e ed e d  
b e f o r e  t h i s 'c a n  be ' e s t a b l i s h e d  f u l l y *
..himmtm mmam i?£ shb.bohb wmm' ;
As p o in te d  o u t '■ e a r l i e r  t h e  o b v io u s  d i s c r e p a n c y  
b e tw e e n  th e  f o r c e s  to  w h ic h  t h e  s p in e  i s " - s u b je c t  i n  l i f e  . ,
' s a d  t h e  f o r c e s  - t o le r a t e d , "in e x p e r im e n ta l . c o n d it io n s  - is  
p a r t ly , a cco u n ted  t o r  by . in c r e a s e d  .-p r essu re s  i n  /th e  t r u n c a l  - 
ca v ity # '.-  H owever, I t  may a l e c  h e  .accou n ted  f o r  p a r t ly  
'by h y d r a u lic  su p p o r t o f  t h e ' v e r t e b r a l  b o d ie s  b y  the' bone  
. marrow*. . B i t s  /.id ea  w a s . i n i t i a l l y  s u g g e s te d  b y  F r o s t  (1 9 6 4 )  
and M cB iexson ;an& d a h a ss  (.1965)* B ie  i n v e s t i g a t io n  in t o  
t h i s  h y p o t h e s i s . i n  -in  v i t r o '  -c o n d it io n s  by. Swanson .end ..
‘ F reem an  (1 9 6 6 )  i s  so- ■ open t o  c r i t i c i s m  t h a t . t h e i r  ■ r e s u l t s  ; 
s h o u H  n o t  he  c o n s id e r e d  i n  t h i s  c o n te x t*  -
t h e  r e s u l t s  r e p o r te d  h e r o  • i n  i n  v iv o  co m p ress io n  
l o a d in g  e x p e r im en ts  show a  d i v e r g e n t  b e h a v io u r  o f  h o n e  m arrow  
p r e s s u r e  ch a n g es d u r in g  s lo w  and  f a s t  lo a d in g *  w i th - s lo w  
l o a d in g  l i t t l e  ch an g e  occu rred #  b u t  w iH i r a p id  dynam ic  . 
l o a d in g ‘ s i g n i f i c a n t  i n i t i a l  i n c r e a s e s  i n  p r e s s u r e  w ere  •. 
O bserved* . i n c r e a s e s  w h ich  d e c l in e d  f a i r l y  q u i c k ly  w h e th e r  t h e  
lo a d  w as s u s t a i n e d  o r  mot* f a k in g  t h e  anatom y o f  bone  into.", 
- c o n s id e r a t io n  t h i s  phenomenon m ig h t b e  e x p e c te d i  • t h e  m in u te  ' 
t o r t u o u s  and  g e l  f i l l e d  v a s c u l a r  c h a n n e ls  o f  bo n e  c o r t e x  . 
'"■will mot p e r m i t  th e  f l u i d  c o n te n t  'o f  .th e  m arrow  t o  e s c a p e  ■ 
d u r in g , r a p i d  lo a d in g *  .-However* i n  p ro lo n g e d  c o m p r e ss io n ,  
- f l u i d  c a n  e s c a p e ' r e l a t i v e l y  s lo w ly  and  r e d u c t io n  i n  p r e s s u r e  
earn th u s  o ccu r*
; : .T he ' m a g n itu d e  o f  . t h e  -p re s s u re  .r is e -  i n  th e , f e m o ra l  
...marrow.; o f  r a t s  - t h  '.the. p r e s e n t  . s e r i e s  -Was a b o u t  .15- ’
■ o f f e r i n g . a  h y d r a u l i c ' s u p p o r t  o f  -0. 00604: Kg/m ■ d u r in g  f a s t  ■ 
.'dynam ic lo a d in g *  D u rin g  c o n t r a c t i o n  -Of th e  o v e r l y i n g
. m u sc le s ' c r e a t e d  b y  s t i m u l a t i o n  :o f  t h e  o u t : d i s t a l -  end of 
, th e  .fe m o ra l, n e rv e ., ' l a r g e  in e r e a e e e .  I n  .i n t r a - ^ s e d u l l a r y .. /
; p r e s s u r e .  .(60 m m /% ) w ere  o b se rv e d *  , a n d . t h e s e  w e re  c a l c u l a t e d  
a s  o f f e r i n g  .0*23810 % /m  of h y d ra u lic -  s u p p o r t*  I t  i s  / 
n o t  known w h e th e r  t h e  r i s e  i n  in tra -m e & u lX a ry  p r e s s u r e  - 
w as due t o  c o n t r a c t i o n  o f  'th e  O v e r ly in g  m u s c le s  o r  d u e  , t o  
. 'c o n t r a c t i o n  o f  th e  D one  v e s s e l s  o r . a  c o m b in a t io n  o f  b o th -  
f a c t o r s *  - H ow ever, ' I f  t h e  in t r a v e n o u s  ..c o n g es tio n ;.w as ' c a u s e d  
by  c o n t r a c t i o n  ■ o f  th e  o v e r ly in g  m u s c le s . t h e  r e s u l t s  o b ta in e d
■ i n  t h e  p r e s e n t  - a e r i e s 'a r e  o f  g r e a t  s i g n i f i c a n c e *  B atson .
; (1940, -1957) h a s  shown l a r g o  v e n o u s  - c h a n n e ls  e m e rg in g  fro m  
th e  v e r t e b r a e  • and • e n t e r i n g  .th e ' .© r e c t o r ' s p in a e  muse l e e ,  'and 
.W i l l i s  (1 949  ) p o i n t s  o u t  t h e - v e r y - l a r g e  e l s e  o f  t h e  v en o u s  
fo ram in a©  e m e rg in g  fro m  -th e  v e r t e b r a l  b o d ie s - , s u g g e s t i n g  , 
• th a t ' t h e r e  i s  "m assiv e  v e n o u s  d r a in a g e  from ' th e  " v e r t e b r a l  
c e n t r a  * ' -thus * - i f  -. i t ; i s  m u s c u la r ' -c on  t r a c t i o n . w h ic h  prc& ue e s  
th e  in t r a - m o d u l l a x y  p r e s s u r e ' i n c r e a s e , ,  one  m ig h t e x p e c t  / 
t h i s  t o - h e  v e r y  c o n s id e r a b le  i n  t h e  e a s e  o f  th e  v e r t e b r a e -  
when e r e c t o r  sp inae- i s  i n  s t r o n g  c o n t r a c t io n *  ■ F u r t h e r ,  
th e  much l a r g e r  c r o s s  s e c t i o n a l  a r e a 'o f  th e  v e r t e b r a l  
b o d ie s  ' w hen com pared  w i th ' t h e  r a t  - fe m u r w i l l  • u n d e r  s u c h  a  
p r e s s u r e - r i s e  te n d  t o  m a g n ify  th e  e f f e c t  o f  th e  - h y d r a u l ic  
s u p p o r t  c o n s id e r a b ly #
■ She- .v a lu e s  f o f  h y d ra u X ie . s t r e n g t h e n i n g  c a l c u l a t e s  
i n  t h e  e x p e r im e n ts  ; r e p o r t e d  •'.e re  s m a l l  . com pared  v / i ih  th e "  . 
l o a d  a p p l ie d  arid may a c c o u n t  f o r  b e tw ee n  -2*5. and 107 o f " ' / ,  
th e  s u p p o r t  g iv e n  t o  t h e . r a t s  body  by. th e . • f e m u r . , S u c h /a  •
. s m a ll  p r o p o r t io n  w ould  h a r d ly  a f f e c t  th e  c o m p re s s iv e  
f a i l u r e  's t r e n g t h  o f  ; th e  v e r t e b r a l ' b o d i e s " H o w e v e r ?  '' i t  m u st -,. 
b e  e m p h a s ise d  t h a t  S m ith  ‘and S te p h e n  (1 9 6 8 ). h av e  shown 
. t h a t  v e r t e b r a l  b o d ie s  com pressed  i n  v i t r o  .undergo " : 
c o n s id e r a b le  s h o r te n in g ?  a l th o u g h  no e a c h  s h o r t e n in g  h a s  
b e e n  o b s e rv e d  i n  l i f e * . . .  Ih u s  i t  may w e ll 'b e  t h a t  th e  
m a g n itu d e  o f  th e  i n t e r n a l  h y d ra u l ic -  su p p o rt 'in.human v e r t e b r a e  
. i s  o f  much l a r g e r  e f f e c t  th a n  t h a t  s e e n  'in. th e  r a t  femur*
U n d er th e  c i r c u m s ta n c e s  o f  t r u n k  m an o e u v rin g  when th e  m u s c le s  
a re :  a c t i v e l y  c o n t r a c t i n g  -an d -th e  s p in e s  a r e .s im u lta n e o u s ly  v ,  
s u b je c te d  to  a l a r g e  c o m p re s s io n  f t  i s  p o s s ib l e  t h a t  th e . 
two s t r e s s e s  may h a v e  a  c u m u la t iv e  e f f e c t  on th e  p r e s s u r e  
. c h a n g e s 'D f s p in a l  -marrow* :  I h i s  w i l l  f u r t h e r  . i n t e n s i f y  t h e , ,  
s u p p o r t  fo r th c o m in g -fr o m ''th is  mechanism**'/:; :
■ How ever? ..even", i f  • a m a g n itu d e  - o f  ' 1C^ /su p p ort b e  
, c o n s id e r e d  ' a s " r e a l i s t i c -  o n . t h e  b a s i s  o f  th e  -p re s e n t  . 
i n v e s t i g a t i o n , • i t .  i s  c o n c e iv a b le  th a t  c o u p le d  w ith  t h e  ., 
r e l i e v i n g  e f f e c t  o f  th e  i n t r a - t r u n c a l  p r e s s u r e  r i s e s / ,  
d u r in g  h eavy  w e ig h t  l i f t i n g  th e  h y d r a u l i c  s u p p o r t  fro m /-th e  
bone' marrow p la y s  a  s i g n i f i c a n t  r o l e  i n  e n h a n c in g - th e  
.e n d u r a n c e -o f th e s e  b o n e s  d u r in g  l i f e *
C0N€Iil?3£QHS-
The results reported hem made it virtually certain that m y  
control mechanism concernocl with pressure. generation in the 
intro-truncal cavities. is not located in the vertebral bodies or. • 
intervertebral discs of the rat,' cat- or human foetus.'
Experiiaeatally' induced spinal compression in ..cats neither evoked 
_ electromyographic' activity' of the abcteinal xsuscles-.nor any.
•sensory 'input -in the dorsal'nerve-'roots* 'V In contrast, the high '.. 
degree of correlation in human objects, between erector spinae 
contraction anti increases in intra-abdoiainal pressure over a vide 
range of activities suggests ' that 'receptors located in the . 
erector spinae complex my v o l t  act. to control: intra-'truncal 
prosaures. during physical activity* "
• " Assessments o f  riuscular activity anti • of intr'a^bdominal . 
preoetire changes during stoop lif t in g  have'confirmed previous ' 
observations, and have further demonstrated a..', strong correlation 
betv/een the magnitude of the weight lif te d  and the amount of erector 
■spinae.and external ^ oblique muscular■ activity* litsabor spinal 
•mobility'during thib • exercise ranged between 42 and of sag itta l 
movement, and :the. lower lumbar region was found to bo mnm mobile 
than -the upper. The findings confirm previous observations that 
during the in itial, phases of the l i f t  the lumbar vertebrae are 
fined and the ir extension begins-at a variable.level of l i f t ,  with 
.different weights, the onset of extension being earlier -'with 
smaller weights than heavier ones.
statistical. analysis, • using partial: correlations - shows -that 
the only factors, observed in a wide range of.'physical activities 
which were closely correlated ''with significant pressure, rises- in. • -
the.-truncal .■cavities sire strong eorreloticm  of the a re e to re ssp in a e  
Biia/oy,. tl.se .a! idotdinai ynisculoitire* This a lso  suggests tlmt tlm 
alsdomiial prcGsaro: c0Btroi-;i,3ecliimiaK way well lave i t s  affcrehio tion- 
located in  the  sp in a l. miscles* although the p o ss ib il i ty  of a . . 
contribu tion  tor th e ;abdominal wall tsuoeles could not be rsileit out*.-.
• Finally* the discrepancy hett/een ike calculated values of 
spinal-’compression and iSie Imom cosapressive, strengths of vertebral 
.bodies way bo partly explained by an hydraulic jaeehanlsm operative ■- 
in' the' bones* ' Cossiderable pressure increases in  the fosersl 
Mirrow of ra ts  lian been recorded on etinaloting .the out d is ta l end 
-of the femoral nerve .in aniiactls in.t/hidi surgical- interference bos 
been kept to a minimum* - Iloosens why similar pressure changes may . 
v e il occur in human vertebrae are advanced* Such o mchonism - w ill 
clearly be complementary to the effects of raised .£»ira~tnmoai 
-preomirea' in relieving .the vertebrae of excessive longitudinal 
icdtsprenoion* ;
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APPBMD1X-' I
(A)--.!AcGtylcholinestora$e;'''Acetylcholinesterase I s  the most \
'■ im portant. enzyiao in /the''nervous; .system* muscle and erythrocyte.,- ■
I t  i s  capable o f .hydrolysing ace ty lth iecho line  or batyryltM o- 
'Choline* ’ : On hydrolysis; the l ib e ra te d  thiochcline reac ts  .with 
copper s a l t s  ■ o f  -the' incubation;medium :to- giro a la ss ' so luble  - 
' product , copper th iocholine * ; The subsequent - t r e a tm e n tc£ the 
sections;1 with yellow ammonium aulphide' converts .the' white -V- • 
p re c ip i ta te -o f  copper thiobkoline in to -a brown c ry s ta l l in e  
deposit o f 'copper sulphide # --
( i) . Koel'le' modified'' by Coutemsx and' Coers (1954)-. "
A; .-Solutionss-
■ (a) -.Incubating .solution
The incubating"so lu tion  consists  of
.. Solution I 0.2 cc
■ /Solution ' ll- ; ;  '"'.04 cc .
S o lu t io n 'I I I  - ■- 5.0 c c *  S i l x c  d i s t i l l e d  water - 
- Solution IV 0.8 cc
The f i r s t  th ree  so lu tions may be .mixed in  'any ' or dor, though
: i t  i s  p referab le , to  acid so lu tions I and I I  to  the so lu tio n  I I I
after, the l a t t e r  has already bean mixed with d i s t i l l e d  water#
Solution IV. should ■ only 'be added immediately. before ■ the- .s e c tio n s ;
are. to'be introduced and 'the other, so lu tions  should be -mixed not
more than  an hour before .
Solution I -  0.1M copper sulphate 24.9 ’ gm per -litr e ,, make'up 
1 0 0  c c . '
-Solution I I  -  Amino-acetic ac id , 5.7 gm per cen t, make up 1 0 0  cc.
Solution I I I  -  Sodium ace ta te  (CH 5 COON a, SBgO) N/XO ( 1 -1 . 0  gm per
l i t r e )  See a c e t ic  acid 11/10 (6 c c / l i t r e )  6  cc . 
Solution IV -~-Acetyl. .Thiecholine..iodine IS.mgm )
D is t i l le d  w a te r . ' .’-3:x 0.25 cc ) ;
Copper '.sulphate .'.solution . 0.-3 cc :- ) '
Solution;'IV i s  made up by .weighing- accura te ly  the  15. mgm
o f acety l thiocholino _ iod in e’.on a watch .’g la ss ,  /made s l i g h t ly
greasy by rubbing between thumb and. finger,-.and "then d isso lv in g 1 -
i t  -by the-add ition  .of .0.25. cc o f d i s t i l l e d  water;- ' .the -..dissolved 
product i s - t r a n s f e r r e d ’to  a 1 0  cc centrifuge tube with the. h e lp ’ .;
• o f a .small g lass funnel. v; - The, watch glass i s  subsequently 
washed;with, two--further' 'additions o f ,0*25 cc of d i s t i l l e d  water,- '■ 
th e 'washings being added to  the contents o f  the cen tr ifuge  tube. 
0*5- cc of -copper sulphate, 'solution are then added t o ’ the 
cen trifuge tube. . , A chocolate p re c ip ita te 'sh o u ld  r e s u l t .  The
tube I s ’ then centrifuged fo r  fiv e  minutes, and-.the supernatant * 
which should be a c le a r  golden' colour,- is..: tran sfe rred ' to  another.. •; 
cen trifuge  tube* - This solution'-.is ’"solution IV. 0 * 8  cc o f  i t  • 
are 'added, to.--solution 1, II. and I I I ,  thus .forming the incubating" 
-solution*
; (b). 5$ solution  of - ammonium su lph ide . '
B. Techniques'"'
I .. -' Fix the m ateria l in  1 0 1  formalin or formol; s a l in e  f o r : six', - -
hours*
2* . Cut frosen sec tions.,
3* .Wash;-from .half" ah-hour to  twelve hours in 'd is t i l le d  water*
4. -Incubate . in' the su b s tra te  a t  37°C from h a l f  an hour to
overnight.
5* -' Wash in  d i s t i l l e d  water* -■'
6* •. -•. Place .th e '.sec tion  l i t  51 amonium. sulphide so lu tion 'from  
■ two to - th re e ’minutes.
7. Wash in -d istilled-w ater.
8 * Place the sec tion  in  70! alcohol.
9* L if t  the sec tion  out of the 70! alcohol and adhere i t  on
■ ’ albuminised''slides* '
10. Allow the sec tions j u s t  to dry in  a i r  and put- in  95! a lcoho l.
I I .  Dehydrate the sec tion  in  absolute alcohol.
12. C lear;in -. . x y l o l .
13. Mount ’in  n eu tra l  Canada-.balsam.
0 . Egsiilt; ■'
Nerve. endings ;show.--brown- amorphous deposit, /
£ ii) ;: A cetylcholinesterase a f te r  Lewis and Schutc (1964) ;
A. Solutions;s
■ ; ■-(a) .Perfusion flu id  consists  o f the following so lu tions 
maintained' at 4°Cz ■ .
- X* .2$ : Gltttaraldehyde ■ "
2# 2 iiM Calcium acetate: ■ ' /
.3* 50 nil Cacodyl ate ‘buffer- adjusted -to a , pH of 7.0 :
(h) Cacodylate b u ffe r  ■ \
"Stoclc so lu tio n s ; r
' 1 •, 0.2 m olar: sodium cacodylate' ■ (Ha(CHg) gAs'Og * :
V . 2. 0.2 M Hydrochloric.ac id . ,
. "Composition o f b u ffe r  
, . 25 ml l. ^ r  i l . '2  made'.upto 100 ml. ..-:
(c) Cacodylate bu ffe r  made iso ton ic  with sodium su lphate  - 
„ f  ,8408. gm sodium. ■ sulphate d isso lved  • in  1 0 0  ml o f  
cacodylate b u ffe r .  . -
, (d) Iso ton ic  so lu tion  of sodium sulphide (4.8036 gm/100 ml)
-./.buffered, to a .pH.-of about S.O wittr acetic  acid .
;.. (e),;.'.Dalton* s' f ix a tiv e . , ;v
I..- XO ml o f  41. Potassium, dichromate /adjusted to  n pH,o£ ■ 
7,2 with potassium hydroxide,'./-'
2 • .10 ml of 3.4$ sodium ch lo ride ,
, : • 3 , .  20 ml of 2% osmium tetroxide*
, (f) Incubation medium-at'a pH of 5 .0 '
1 , 8 mil acoty lth ioeholine
2 . 1 2  Ml copper sulphate
3. 16 mH glycine ■
4, 50 mH sodium■aceta te  b u ffe r .
(g) Sodium ace ta te  b u ffe r  
X. sodium aceta te  - 8 ,2 0 3  gm per l i t r e
2 , B is t i l l e d  water - '163 ,2  ml
3 , 'G lacial a c e t ic -a c id '~ ;1  ml 
■B, Technique .
Sy* «Sy» . . .
X, .. Perfuse the animal through the ao r ta  with f re sh ly  f i l t e r e d  
so lu tio n 'o f perfusion .'fluid, maintained'-at 4°C and' ad justed to  
a pH of 7,0*
2 , :. The t is su e s  are cut in to ' sm aller pieces or "the whole 
t i s s u e  .is fixed in-; the-, perfusion.'.-fluid a t . the same temperature 
and pH for- 8 to  1 0  hours, -'■■■■.■
3* ' The t is su e  i s  washed overnight in  cacodylato "buffer made 
iso ton ic  with sodium su lphate , ■■
4, ' The t i s s u e  is 'p la ced 'in  the incubation medium fo r  2 to  3  
hours a t  4°G.
5, " Mash in  'd i s t i l l e d .w a te r ,  .
6 , Treat the tissu e'w ith 'an -iso ton ic-so lu tion  of sodium 
sulphide buffered  to a pH of-about 5,0 with ace tic  ac id  fo r  
one hour*-
7 ,  "Wash with d i s t i l l e d  water, ' .
8 * Fix in--Dalton*s f ix a t iv e ,
9, .. Dehydrate ' th rough 'the ascending grades of -alcohol, .
10," Clear in-xylol*
11, Impregnate with and embed, in p a ra ff in  wax.
12, Gut sections a t  lOp, th ickness,
13, 'Dewax the sec tio n s .
14, Mount in  D.P.X, '■
(B ).S ilver impregnation
(i) ,  R ichardson-fixative:
Paraformaldehyde - 200 'gst' •-
V. 'Sodium, su lp h ite  2 gm-..;.
'D is t i l led 'w a te r  ' 800 ml \
■r; 2 /3 'drops bromo**thymol blue indicator*.'-
Dissolve - the paraformaldehyde' in  -boiling. water under ' 
re flux  b e fo re 'adding su lph ite  and 'indicator*
Before use add ,3-4 ' gm- sucrose / 1 0 0  ml 'stock* - Add " ■ 
s u f f ic ie n t  sodium.'sulphite • to.'..turn solution.,blue (pH 7*5} .
Place t is su e  in  fixative*  ': Four hours - la te r  i t  w i l l  be
necessary to  turn"blue again* Fix fo r  a t  least.one. week*
• ( l i )  Gooding and Stewartfs decalcify ing  'solution 
( , 'Formula ■/ v-.;
. Formic,acid 5*25 ml - 
.Formalin'- ■ •
D is t i l le d  water t o >100'ml'
The use of 5 ml of formic acid gives a good rou tine
■ d ec a lc ify in g : f lu id ,; with reasonable ' speed and'.■& minimum of  
damage' to,, t i s s u e *- . the - increase of -the-' formic acid  content 
up t o . 25^ re su l ts  in  "increased speed of d ecalcification * the 
formaldehyde,'content giving' the tissue- some - p ro tec tion  agains-
■ damage by : the acid* but. i t  ■ should 'be ’ remembered., th a t  t h i s  - 
increase in  speed can only be a t ta in ed  at the s a c r i f ic e  of 
; ce llu la r  d e ta i l .
D ecalc ifica tion  in 5 t  solu tion  w il l  usually  be complete 
in  2-4 days* dependent on the thickness of the t is su e  and the 
degree of ca lc ifica tion*- A c ross-sec tion  of liunan r ib  w il l  
require  36-48 hours.
Determination o f d ec a lc if ic a t io n  -  The chemical t e s t  is  
.designed to de tec t . the'presence- of calcium s a l t s  in  the 
.decalcifying-mediumj. - a negative r e s u l t  ind ica tes  completion 
of d eca lc ifica tion .
I*.-.. Take-5 ml-of decalcifying f lu id  in  a te s t  .tube.:
2 .  Add s trong ammonia' drop, by drop .- u n t i l b l u e  litm us turns"'
, red.
3 *V' To th is  add 0.5 ml of /saturated ammonium oxala te .
4. I f  c loud iness 'app ears 'in  the so lu tion  th e ' decal-cification
■ is  incomplete. ' I f '  the so lu tion  remains ; c lea r ' even- on 
standing fo r  30 minutes, the end p o in t .o f  d e c a lc if ic a t io n
■ -has been reached.
( i l l )  Gros-Bielschowsky-"
■A-* Solu t io n s t r e qu ired: "
..(a) i  part 401 formaldehyde 
S'part's • d i s t i l l e d  water 
■ Few grains of magnesium carbonate.-to n e u t r a l i s e .  '
(b) Ammoniacal s i lv e r  n i t r a t e  -  prepare by adding
1. 10 ml o f -201  s i l v e r  nitrate.''’’’
2 . Add f u l l  -strength- ammonia drop by drop u n t i l  the ■ 
p re c ip i ta te  which appears i s ' ju s t  d isso lved . '. Then 
add eleven more drops of ammonia. For’-20 ml of the".:
o rig in a l  s i lv e r  n i t r a t e  a t  2.2 drops a t  the''end*-and
so on.
B. Techn ique:
1 . Fix in  formaldehyde s a l in e .
2 . Make frozen sec tions .
3. Wash in  d i s t i l l e d  water.
4. ' . Place in  a d ish-of 20 per cent s i lv e r  n i t r a t e  in  a dark* '
-■ cool place -for-one hour.
5# L if t  the sections in to  so lu tion  ( a ) .
6 . . L if t - th e  sections in to  a .-fresh dish of; ,20, per ;c e n t ' v 
'/;.. formaldehyde a f te r  3 minutes in.- the f i r s t ,  d ish y  - A fter - 
a fu r th e r  two minutes l i f t  the' sections in to"a  small 
clean dish containing ’fre sh ly  prepared ' ammoniaca! s i lv e r
■ (so lu tion  b) . ‘ • A few/cc'.of th is  f lu id  are placed in  a .; 
watch** glass on the  .stage-; of a staining, microscope with 
2 /3rd inch objective* the remainder in /a  la rg e r  watch-
•• g lass or sm a ll 'p o t .  ./ The -section- is  " f irs t .-p laced  in  the 
la rg e r  quantity  an d 'ag ita ted  with a -glass .rod, being.
, l i f t e d  to  the  microscopy from; time- to  time -to watch the ; 
-. progress o f . th e - s ta in .  ■ " I f  too rapid* or the sections, -/-'. 
/:- are- large and numerous* they may - b e 'r in sed  once i n  - 
'■-. '’d i s t i l i e d  water between the formaldehyde/ and the • s i lv e r -  
' ammonia so lu tio n . - As'-soon.as the' ax is-cy linders  are 
black the sec tion  I s  tran sfe rred  rap id ly  to - th e  next 
ammonia bath*"..' If", connective . t is su e  s ta in s  early," add :
■ one/fu r the r drop of ammonia to -the  s i lv e r  so lu tio n  o r - 
'/ - leave - the' sec tions a l i t t l e  • longer in  the formaldehyde'
..hath*; -
7* ' ' When the staining- process is  complete, the sec tions  :are 
/ ■ ■; tran s fe rre d  ra p id ly  t o -150 to 2 0 0  cc of '1 0 1  ammonia' in  , 
'd i s t i l l e d  water*/where,, they remain fo r 5.-60 minutes * - 
/ 8  v ' / Wash in  d is t i l le d 'w a te r*  ' / :--
r-9* • 'Wash -in a fresh  bath of d is t i l led /w a te r*  ac id u la ted 'w ith  
■ a few drops of g la c ia l  ac e tic  acid*
10. Transfer to 0.2-1 ."gold chloride u n t i l  b lu ish  "grey* ./.-V.
11. Wash'rapidly in  d is t i l l e d :  water.
12.: . Transfer to  5 1 '1 Hypo*/for':£ minutes.
13. - Wash-in several-changes' o f d i s t i l l e d ,  water.,'
14." -"Counter**stain in carm&Tam, or van Cio'sen. ’
15. Dehydrate, c l e a r ' in  xy lene , and meant in'-balsam*
' C. Result: -
,. . Horve and nerve endings appear black.'. ...
MOTE': •- ■ Fixatives containing /e i th e r  mercuric chloride- or- chrome" 
sa lts , must be. avoided.-,-. . A■ g r e a t :advantage o£ th is  method -is 
/the microscopic control- of- impregnation. /
Civ). Glee *s (1946) modified' by/Mars land ' (1.952) •/
A .. Solutions: ■
';■( a).'. .Glee’s ammonia-silver so lu tio n  ■ ■
, 20$ s i lv e r '  n i t r a t e  in  g lass, i i s t i l le d '/w a te r  -  -.3 p a r ts  
061'alcohol- - -  2 p a r ts
■ Add .0*68. amonia-;u n ti l ,  p re c ip i ta te  formed i s  j u s t  
- ■ dissolved,' then add ex tra  five- drops -  see. note 2.
-E.'Technique;' : -
■lm;//; Fix m aterial in- -10$ formal saline*..
2. • Dehydrate through ascending,/alcohols*
3* ' ..Clear.-
4* . . Embed in  p a ra ff in  wax. Cut TO to 15 jx th ick sections*
S. "Remove wax with xylol.',
8*":v' Absolute alcohol* ;/
7* Colloiclin 0 .5 V -  see note, 1* . /
8* / 70$ 'alcohol' 1 mini
9* . Rinse in glass, d i s t i l l e d  water.
10* 20$ s i lv e r  n itra te -  a t  37°€ 15-20 zain.
IT./ Quick r in se  in  d i s t i l l e d  water.
.12* Flood s l id e  with 10: formol made with - t a p ’ water*- - 
Change- twice, 10- sec* /each..- change«
13. Rinse with, d i s t i l l e d  .water; flood s l i d e ' w ith ';ammonia 
• s i l v e r  s o lu t io n : (Glee’s) * > Leave-for 30 s e c . '
,14* . Dtain- o f f :  ammonia: and- wash-. s l i d e  with lQ$/;Formol for.
i  -  1'min* : ( 2 - changes)*  •
15* ...Rinse"-in d istilled -w ater*'/.- (Can he ■ toned'in :0*2$ .g o ld  
c h l o r i d e ) * ;
16* 5$;■ Hypo*' :■ 3 0 ’sec*  -
17* : ifash  :w e l l  in  ta p /w a te r  • :
1 8 * /’D ehydrate -through, n ic e n d in g  a l c o h o l s •
19* . 'Clear in  Xylol.; ■-•//■:■'-.■///'-./
2.0* .. H otrt. i n  balsam*
C* R e su lt :  -■
fferve and' n e r v e -e n d in g s : -appear b la ck  and t i s s u e s  in  ■ 
g e n e r a l a r e  '/golden-y e l lo w .  , / /
NOTE 1:/ No need to  c o v e r  /with cc llo id in  p rov id ed  / th a t  .the /
. ‘s l id e s . ,  are.- a g i t a t e d  .during, s t a g e s  12 -14  i n c l u s i v e . : /
M0YB 2: . I f / t o o  much /ammonia i s  added .the s e c t i o n s  are  bleached, 
//.,. i f . too l i t t l e  th e y  .are'dark*.
(v) Romano’s s i l v e r  s t a i n ,  1950.
A. S o l u t i o n s , : -
(a) , ' 50  ml o f  d i s t i l l e d  .w ater  
. *2*9 m l .o f  0 * 1 $ /s i l v e r  n a t r a te
1 ml o f  0*1$ sodium c h lo r id e  (A.R*)
S t i r  w e l l ;  cloud...appears, and remains . . ( le a v in g  no - 
„ p r e c i p i t a t e  on s l i d e ) *
(b) 200 ml o f  d i s t i l l e d  water * 6-8 drops o f  c o n c e n tr a te d
.-ammonia*
•-//...' (c) • 1 :gn hydroquinone :
5 ,gm s.o&iitm. s u l p h i t e  (anhy&rotts)-/-vlO gm c r y s t a l l i n e
1/ 100 ml o f  ' d i s t i l l e d / w a t e r *  ’ . ’■/*■;
B# Technique:-.-,
li'-:.. ' • De-wax - t h e  s e c t i o n s  and b r in g  t o  water*
-2 #'■/■/ Add a few drops- o f  (b) from, stan dard  d ropp er  b o t t l e  to ' 
( a ) //.until/ p h en o l-ra d  -paper j ust turns' -pink, pH 
v approximately,/.9 *0 •/-,
.3*'  -Keep s e c t i o n s  in  -the m ixture o f  (a) and (b) overn ight' : 
...in 'the paraffin ,oven a t . 56°C* -T issu e -sh o u ld  be lig h t  
",-brown#
.4# /.//Put s e c t i o n s  i n ' 70$ -a lcohol i n s t e a d  d£  w a ter .'  - - B lo t  :
- ■ -weIX w ith  c i g a r e t t e  paper o r  Kleenex#' / I f  n o t  w et over
- section's nour: on -some a lc o h o l  and then b lo t *
S# / ' Put back 'o n 'h o t • p l a t e  a t  once and s t a r t  in  10 Tun*
6 * ,/ Develop' in  . (c). .for' 5 ■ rain« ; S e c t io n s  ' should/ n o t  darken *
If^ t h e y  do* the; d e v e lo p e r  i s  e i t h e r /d e a d  or to o  mich ‘o f  
■ s i l v e r  n i t r a t e  o r  ammonia has been used#
7. .Wash thoroughly# / /./•. 3 changes in' d is t i l le d  water of 
10 m inutes each*
.8* Tone i n . 1$ g o ld .c h lo r id e  w ith  t h r e e .d r o p s :o£ g l a c i a l .
.....'acetic a c id  p er  100- n l  o f  s o l u t i o n  f o r  5-8 ruin.
:9*. ■ Wash twice" i n ' d is t i l le d  ..water ./■/'
* 1 0 . .- . P la ce  th e  se c t io n s- ' . in  2% o x a l i c  a c i d , t i l l  s l i g h t l y  b lu e  
• • / -b u t  n ever  l o n g e r :t h a n ,3 m in u te s . :
/ 11* ’ -'-Continue b lu e in g ' in 'w a t e r  (2 changes) *
:-12#; F ix  'in;'5 $ "'/solution -of-Hypo' fo r  1-2" nin.
13 .;  Wash w e l l / i n  d i s t i l l e d  w a te r .  . -.
14#. Dehydrate 'through.:ascendiiig . grades o f  a lc o h o l  
■ IS*;- C lear  in-..x y l o l •/.■/
.16* '■ Mount i n  C anada.balsa iu  / ;•/■/•;
C*. Re s u l t :  '
•' - Merve f i b r e s  -  /black#/ '/; i lu c ie i . ' -  p u rp lish #  . ;
HOTE: f  - and * * / are/ c r it ic a l«
■(Yl) /Ranson^s. Method'
A# Solutions:
(n) F ixative '
-Absolute .alcohol • 99 ml- .
/''Concentrated ammonia . 'T/nT .
.• / " { b ) '  Reducing;medium'.- :
■ ■■ Pyrogsi-lol/,//"- '4 g i  / /.;■-.
■ ,,! -5! ■formalin " I n . d i s t i l l e d  water 100 ml '
. R* Technique: / ' - / - / , .
T. ; . Fix small p ieces./for 48/hours i i i / ( a )y  :.
2* Rinse in  d i s t i l l e d  water* / • "
;-3*. -'.Put in  "pyridine / fo r  . 2 4 to 36 /hours. "
-4. /Wash; in many changes" of d i s t i l l e d ,  viator for 24 hours 
,/ to remove/all th e  py rid ine . , '
/ S. P u t 'in  2'$' AgMDg"in:-the dark a t '37°C- for' 3-4 days•
•'6. '.'"Rinse in d i s t i l l e d  wator '(severa l changes)-*
7. Reduce for not less  than-/5 /hours in  (h ) .
8* Wash in  distilled,.w ater* '
9 * '. / Dehydrate, ■ clear,. Imbed in  p a ra f f in  wax* -
10. / Cut ''.sections,, dewax 'and mount in  balsam*. •
C. Result:
. -Axis' cylinders -and nerve /endings appear' blade* - 
.-Tissues in general/are  yellow* *
/MOTH: Formalin fixed m ateria l can be "'used i f  washed -In
tunning water for a t  le a s t  24 hours before stage 2.
"(ej Gold ch loride .
After Carey, E. J . (i941)> to a t . Rec, 81,.393-413*
X. ’ Soak the t is su e ' in  f re sh ly  p re p a red 'f i l te red ' lemon ju ice  
; ' fo r  ■ 5-10 mini. im ti l :  i t  becomes c le a r  ■ or . translucent*  ...
2* • ’ Rinse. in cold--tap water 4 -S tim es. / '
S , ' Place th e ■tis su e  in  11 .aqueous gold' chloride at. 30°C 
■ using.1 a t • l e a s t  10 times the volume-.of gold chloride sc- 
'.'-solution to each volume o f t i s s u e * 'K e e p ’. i t  for, 30 m su ' 
u n til :a yellowish ;’taa-. colour’-and firm, cons is  tehey are 
assumed*- —';’ . v ,
.4* • -.While;..iauscie, is  in  gold ch loride S olu tion , s t i r  a t  le a s t  
once'-a minute*
S* .. Pour -.off gold chloride so lu tio n 'and - rinse the t i s s u e  with .
. tap water u n til the water remains' clear*., c..:.
6*’ Reduce the gold-by placing muscle .-in a ..mixture' of-.'formalin 
101 fo r  i t s  hardening effect*  and,in  formic acid SI. fo r  
reduction on ’t h e ’gold* Ihe" gold 'may* likewise* be.-.--,
• reduced by-strong -electric  lig h t fo r  '16*24 hours •
7c ■”. : A fter sec tion ing  the.-nuclei may be counters tainted *
(I)) ..H&eiaatcxyliii and Eosim : ■
A* Solutio n s : -
(a) JDelafield ftaematoxylin ■ '
L ' Haematoxyliii 3>.SI. in.,absolute- a lc o h o l,-; 100- itil ;
. .. Ammonia alum: 6 «25..i’-aqueous; - ’ S20.n l’ : '
; . -"Glycerine ~ \ :-S0 s i  ..
Mx thoroughly and ; allow. to : ripen ’ for, at. ■ l e a s t . three 
north's; then f i l t e r  before use.;-.,, .
. (b) Bosin . , >
; ' Water, soluble eosin (yellowish) - - -  I ’g i  ,'
"Tap w ater ’ ’ \  - 1 0 0  ml
B*' Technique?
1. ’ ’De-wax sec tio n s , :’
' 2 # ’ ■Bring - the sec tions ' down . to. d i s t i l l e d . water* • '
3* ’ S tain  with -.haematoxylin fo r  TO. min.
4 *;■ ■ Wash w e l l ' in  running - tap w ater’ u n t i l  the-- ..sectionsv’
• .appear blue to  .the'naked eye* ’.- Examine m icro sco p ica lly : 
at th is s ta g e ' to/ ensure s u f f ic ie n t  degree 'o f s ta in in g .
’'. '-If 'insufficient- return. to the stain*
. S * ■ ■ .’ D iffe ren t ia te  in  I t  hydrochloric acid in  701.- a l c o h o l f o r  
' : a ietf-.seconds* ■’ ;'T3ie>-blue colour o f the haematoxyiin. is ' - 
; changed to  red .--by'-: act ion of the acid* ■-
-.:6 R e g a i n  the blue colour.and, stop d eco leu r lsa tio n ’by 
washing in  a lka line  tap water fo r at. le a s t  S -min.
■'.The- s ta in  should . again be di echo cl microscopically*
7. S tain  in one per cent,qqueous eosin for 1-3 min.
8 »' Wash o f f  su rp lu s -s ta in  in  w ater. .
9m ; Examine • microscopically* -. Cytoplasm and muscle, f ib r e s ’’
. should be deep pink*,.collagen a l ig h te r ,  pink*
10*.. Dehydrate in-/alcohol 'and- c lea r  in  xylene* ■ Lower-grades 
, of alcohol ex trac t .excess of -eosin*
' 11* • .’Mount* '
. € *
■ /. Nuclei -..blue, to blue-black- .
‘C artilage -  'pirn;"
Calcium'sad-calcified./boiio -  purplish  blue .
B asiphil cytoplasm - p u r p l i s h  
- .Cytoplasm -  shades. o £ :pink 
Muscle, f ib res  $' th ick  e l a s t i c ! f ib re s  ,' decalc ified : bone / 
m atrix -  deep pliuv .
Collagen ■-and cs.teoiu 'tissue. -  l ig h t  pink*-' •-";
notes: -
1* Structures'- s ta ined  fo r general purposes th is  technique is  
very usefu l ■ but ; neural./ t is su es  and' nerve 'endings * are not 
c le a r ly ’demonstrated*^ ’ U eticulia  and cell- constituents - such/ 
as  Golgi bodies and:-mitochondria ’are not; demonstrable;by th i s  • 
technique, even when..preserved by the fixative*
\t* Duration - of. haomatoxylih .staining -. i t  i s ' now general, 
p rac tice  to  s ta in  sec tions w ith■ haeiaatoxyliii' regressively*- 
The period; may have to  be prolonged with . t is su es  - given long 
treatm ent with chrome s a l t s  and-following chrome-osmium 
fixatives* . Materials' 'subjeeted to long acid d eca lc ifica tio n , : 
prolonged storage I n  acid formalin or in  -70©‘alcohol w i l l  ■ 
■'require forced s ta in in g  and. iron  haematoxylin1 or '-.celestino' blue 
.haomalum might.be used w ith ' advantage• • farming "greatly 
a cce le ra te s ,  while- low'temperatures retard, • stain ing with / -' 
hacnatoxylin*
3* Blueing, of 'haematoxylin - ,whcn the tap /water; i s  not 
s u f f i c ie n t ly-/a lka line ,/ o r , is  even' ac id , and:tm s a t is f a c to ry :
fo r  blueing haomatoxylixi, m tap  water su b s t i tu te  ."XT*W*S«) is
used# ' This is  made by d isso lv ing  .3*5 gm of,sodium bicarbonate 
and-20. gm of magnesium sulphate in  one l i t r e ,  of water with ; 
thymol .added to  prevent mould, formation# I t  ac ts  quickly- / 
and/ thin, p a ra ff in  sections..-are fu lly ; blued in  IS to  30 sec*/ ,
The temperature .-of; the tap - water med .for bluing a lso  /plays,, a.,./ 
p a r t  in  the process *;-/ -Itoh- t h e , temperature,• /is ’ below 10°C ' - 
blueing /w ill be 'slow aim. may; be hastehed.by .:'the use of warm 
water* " Use of very cold water,/rjay produce r r tc fa c ts*
4* Staining vrith -eosxn - fixing'' agents-/gres tl> Influence, 
subsequent -staining with, cosisi and t is su e s /f ix e d  i n . chromates •/ 
and. in  p ic r ic  acid 'take:'up eosin strong ly .,, a sd o e s  acid 
deca lc if ied  mate r i a l . . - S a t i s f a c t o r y '  staining" with eosin , ’ 
however, . does -not depend .solely^ on depth-. o f s ta in in g  ,b u t ' on 
th e -d if fe re n t ia t io n  of /the s t a i n .
,(£) Weigert*s (1904) iron  haeraatoxylin  ,.'/ .-
-This, i s  known as iron- haematoxylin .because f e r r i c  chloride 
or . f e r r i c  ammonium : sulphate • ( iron  alum) arc used hero .a s ' 
mordants*,: , These, substances, a lso  ac t' on. haematoxylin'- as : 
oxid ising  agents• ' Therefore, in  p rac tice ,/m ordan t and /s ta in
are kept separa te ly  and mixed immediately before use* : ';/■
/ ■ The Weigert*s iro n  haemdtexylin' i s  '-the s tan d a rd 'iro n  ■' 
haematoxylin for. s ta in in g  nucle i and i s  used p a r t i c u l a r ly . when'/.- 
the preceding s ta in  is .v a n  Geison, whose .p ic r ic  acid  has a 
marked' decolorising;action;' on'nuclei*-" //
A*. So lu t ions:
- (a) S ta in  •'
Haematoxylin ' --I gm'
Absolute alcohol-' .100 ml/ ','../
The so lu tion  need; not/be ripened-:, and may be used . ■ 
.immediately*
(b) -Mordant...
/ -. 301 aqueous 'fe rr ic  chloride, ■(anhydrous) . 4 ml
■ concentrated --hydrochloric' ; acid . .. .1ml.
' B is t i l le d ,  water .-‘95 ■ ml.
: .,,. -Solutions (a) /and''(b) .are .stored; separa te ly  and mixed 
immediately before use,- the, prepared s ta in  keeping only fo r  .
.a few hours*- ■
With fre sh , or recen tly  prepared, haematoxylin (a ) ,  add 
an equal amount of mordant (b ) • With aged so lu tion  of 
'haematoxylin (months ,o r  years old) less  -than'equal- volume 
/should be. used* .The' colour ’ o f the mixture /should be. a ".'deep 
purplish-black*.-": I f  muddy-brown, i t- - is -u n sa tis fac to ry *
B. -Technique S "
I* - Be-wax the sec tions .and take to' w ater* : •
2. ; S ta in  with I ro n  haematoxylin mixture' fo r  S-lS.-min*
■ 3# Wash in  tap water*
4*';. Examine; microscopically* D iffe ren tia tio n  may not be .
/ necessary, -e sp e c ia l ly - i f :preceding van Giosonfs s t a in .
I f  .'required, use 0*S to  I I  hydrochloric ■ acid in  '701 alcohol " 
Y fo t. 'a  few .'seconds* ;'
5."- ’ Wash, thoroughly i n . running tap' water, or in  tap w a t e r ' ' '
s u b s t i tu te .  ,
6. - Cotm terstain/as:'c e s ire d .-■
7. " Dehydrate, c lea r  'and mount.
■G* Bosul t s
■ Nuclei - -brownish'black to black*Y'
Van Gieson's (1889) s ta in
Van Ties on fs mixture of p ic r ic  acid and acid' - fuchsia  . i s  v 
the-sim plest method- fo r  the- d i f f e r e n t ia l  s ta in in g  o f  collagen.. 
-Its 'm ain -disadvantages a re 'i ts -  in a b ility -to . sta in  young f i b r i l s  
' th e :'deep red tfiat/'/is':-imparted’ to  mature collagen and the 
tendency-'-for; the  red' colour t o ; fade, whatever mounting' medium 
is  used* ;- To./avoid-'this sacting, ponceau S i s  used as ; a  - 
su b s t i tu te  fo r  ac id  fuchsia, but .this dye., unfortunately, 
s ta in s  young "collagen'fibfes - even--less-v;ell than does- acid 
fuchsia*■ •
A* Etoation ~ Van. Gieson*s s ta in  gives good re su l ts  a f t e r  a 
wide range of f ix a t iv e s ,  however m ercuric ' chloride I s ; 
.p a r t ic u la r ly  s u i ta b le .  ’.
B* Sections *- D araffin , :-frozen', o r . c e l lo id in  .sections-* -
C. Solutions:.-'
' Saturated ' aqueous- p ic r ic  acid ' ,\;10d ml-:-.. ,.
-;-:;Tt- acid fuehsin in  d i s t i l l e d  water S*1C1 stl
/.The . exact- proportion.; o f  - acid fuehsin w il l  depend 
l a r g e ly : on the qua lity  o f the, dye' sample.Y This mixture " 
keeps w e l l . y , Y
-B*;Techniquer Y/Y
1. Take sections- .to -water.:
Y2.Y.-.Y Stain nuclei/w ith  Weigertfs iron 'haem atoxylin.
3. -.Wash w ell • in.' tap water ..followed, by .a rinse ,.in  d i s t i l l e d  
■ ' water. ■ .■
. 4. v S ta in  in  Van. Qie&on's solution  for -2*5 rain. ^
S.. -, Rinse in.'--distilled water or proceed d i re c t ly  to  95V 
alcohol. Do not wash In  a lka line  tap;water*- which 
ex tra c ts - th e  red s ta in .  ; - 
=■ -6«- -.-Dehydrate-in "'.absolute alcohol.
7.: Clear in  xylene and mount.
11 • Result j ;
:. Nuclei- * brown-black to  black;
Collagen"* deep red - 
Y'Y Muscle, cytoplasm ,: red-blood,- c e l l s , , f ib r in  * yellow. •
■■ff ? ^ ft'/Sections
'(13- H*. and B. "
- I . -■ / Section . in to  d i s t i l l e d  WEter* .;
2. .Y S ta in  i n . XI; liaematoxyMii- overiixglit# Y
5.'.-" Rinse, in  d is t i l led ;w a te r*  '
4* 'Quick-d ip ;in  ac id ;alcohol, -examine;;and blue in  tap water
5* .-'■■Dehydrate. •■ to, 801 alcohol*
6* .. v ' Counters ta in , i n  0.51 eosin. in  BO! 'a lcoho l, (30 sec*) •
•7* . L i f t o n t o  - s lido • and • rinse ■ in  801 alcohol* '
8* ;> Leave, in -951 alcohol / (not. long) * ;Y B lo t : onto s l id e  .and 
allow to dry* ( I t  should not become too dry.)-'
9 * - . Pass i n to :.absolute/chloroform; v/ v *
10* / T ran sfe r 'to  te rp in eo i/x y lo i  1?4* ■
11. Mount .in- I).p*Xy-or/_Xara* _
(xi) Weigertfs and-Van Gieson -
1* . ’ 'Sections .into ..SOI; Woigfert^s haematoxylin (5*10 n in .)  .
■2*-. Wash in  d i s t i l l e d  water*'
3. 'Dip in  acid ; alcohol t o -clear stain , from- c e llo !  din;- ■
-4.Y Wash in tap water; and d is t i l le d  water* /
5* ..Counterstain in  Van.Ciespn ' 1 min.
6. ■ Continue as; for-E* .8 B* from Wo. 7 to  the;.end. Y; -
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